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Abstract
Attention-based models are successful when
trained on large amounts of data. In this paper,
we demonstrate that even in the low-resource
scenario, attention can be learned effectively.
To this end, we start with discrete human-
annotated rationales and map them into contin-
uous attention. Our central hypothesis is that
this mapping is general across domains, and
thus can be transferred from resource-rich do-
mains to low-resource ones. Our model jointly
learns a domain-invariant representation and
induces the desired mapping between ratio-
nales and attention. Our empirical results val-
idate this hypothesis and show that our ap-
proach delivers significant gains over state-of-
the-art baselines, yielding over 15% average
error reduction on benchmark datasets.1
1 Introduction
Attention-based models have become architec-
tures of choice for many NLP tasks. In addi-
tion to significant performance gains, these mod-
els are attractive, as attention is often used as a
proxy for human interpretable rationales. Their
success, however, is conditioned on access to large
amounts of training data. To make these mod-
els applicable in low-resource scenarios, we utilize
this connection in the opposite direction. Specif-
ically, we propose an approach to map human ra-
tionales to high-performing attention, and use this
attention to guide models trained in low-resource
scenarios.
The notions of rationale and attention are
closely related. Both of them highlight word im-
portance for the final prediction. In the case of
rationale, the importance is expressed as a hard
selection, while attention provides a soft distribu-
tion over the words. Figure 1 illustrates this re-
latedness. One obvious approach to improve low-
1Our code and data are available at https://github.
com/YujiaBao/R2A.
Task: Hotel location label: negative
a nice and clean hotel to stay for business and leisure
. but the location is not good if you need public
transport . it took too long for transport and waiting
for bus . but the swimming pool looks good .
Task: Beer aroma label: positive
poured a deep brown color with little head that
dissipated pretty quickly . aroma is of sweet
maltiness with chocolate and caramel notes . flavor
is also of chocolate and caramel maltiness . mouthfeel
is good a bit on the thick side . drinkability is ok . this
is to be savored not sessioned .
Figure 1: Examples of rationales versus oracle at-
tention. Words are highlighted according to their
relative attention scores. Human rationales are
shown in bold with underlines.
resource performance is to directly use human ra-
tionales as a supervision for attention generation.
The implicit assumption behind this method is that
machine-generated attention should mimic human
rationales. However, rationales on their own are
not adequate substitutes for machine attention. In-
stead of providing a soft distribution, human ratio-
nales only provide the binary indication about rel-
evance. Furthermore, rationales are subjectively
defined and often vary across annotators. Finally,
human rationales are not customized for a given
model architecture. In contrast, machine attention
is always derived as a part of a specific model ar-
chitecture.
To further understand this connection, we em-
pirically compare models informed by human ra-
tionales and those by high-quality attention. To
obtain the latter, we derive an “oracle” attention
using a large amount of annotations. This “ora-
cle” attention is then used to guide a model that
only has access to a small subset of this training
data. Not only does this model outperform the
oracle-free variant, but it also yields substantial
gains over its counterpart trained with human ra-
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tionales — 89.98 % vs 85.22 % average accuracy
on three aspects of hotel review (see Section 4 for
details). In practice, however, this “oracle” atten-
tion is not available. To employ this method, we
need to find a way to obtain a substitute for the
“oracle” attention.
In this paper, we show how to achieve this goal
using rationales. Specifically, we learn a map-
ping from human rationales to high-quality atten-
tion (R2A). We hypothesize that this mapping is
generalizable across tasks and thus can be trans-
ferred from resource-rich tasks.2 Figure 1 illus-
trates that in both tasks, attention weighs ratio-
nale words in a similar fashion: highlighting task-
specific nouns and adjectives, while downplaying
functional words. To learn and apply this mapping
we need access to rationales in both source and tar-
get tasks. In the target task, we assume rationales
are provided by humans. In the source task(s), col-
lecting rationales at scale is infeasible. Therefore,
we use machine-generated rationales (Lei et al.,
2016) as a proxy.
Our R2A model consists of three components.
The first one is an attention-based model for the
source task(s) that provides supervision for at-
tention generation. The second component fo-
cuses on learning a domain-invariant representa-
tion to support transfer. The third component
combines this invariant representation and ratio-
nales together to generate the attention. These
three components are trained jointly to optimize
the overall objective. Once the model is trained,
we apply it to the target task to generate attention
from human rationales. This attention is conse-
quently used to supervise the training of the target
classifier.
We evaluate our approach on two transfer set-
tings: aspect transfer within single domain and do-
main transfer across multiple domains. Our exper-
iments demonstrate that our approach delivers sig-
nificant performance improvements over the base-
lines. For instance, the average error reduction
over the best baseline in domain transfer is over
15%. In addition, both qualitative and quantitative
analyses confirm that our R2A model is capable of
generating high-quality attention for target tasks.
2In this paper, we consider a more general setting where
one domain contains multiple tasks. Also, we assume having
one source domain. However, our proposed method is a gen-
eral framework and can be easily adapted to problems with
multiple source domains.
2 Related Work
Attention-based models Attention has been
shown to be effective when the model is trained
on large amounts of training data (Bahdanau et al.,
2014; Luong et al., 2015; Rush et al., 2015; Yang
et al., 2016; Lin et al., 2017; Chen et al., 2017;
Vaswani et al., 2017). In this setting, typically
no additional supervision is required for learn-
ing the attention. Nevertheless, further refining
attention by extra supervision has been shown
to be beneficial. Examples include using word
alignments to learn attention in neural machine
translation (Liu et al., 2016), employing argu-
ment words to supervise attention in event de-
tection (Liu et al., 2017), utilizing linguistically-
motivated annotations to guide attention in con-
stituency parsing (Kamigaito et al., 2017). These
supervision mechanisms are tailored to specific
applications. In contrast, our approach is based on
the connection between rationales and attention,
and can be used for multiple applications.
Rationale-based models Zaidan et al. (2007)
was the first to explore the value of rationales
in low-resource scenarios. They hypothesize that
the model confidence should decrease when the
rationale words are removed from the inputs,
and validate this idea for linear models. Recent
work (Zhang et al., 2016) explores the potential
of integrating rationales with more complex neu-
ral classifiers. In their model, human rationales
are directly used to guide the sentence-level atten-
tion for a CNN-based classifier. To reach good
performance, their model still requires a sufficient
amount of training data. Our work differs from
theirs as we discern the intrinsic difference be-
tween human rationales and machine attention.
Moreover, we learn a model to map human ratio-
nales into high-quality attention so as to provide a
richer supervision for low-resource models.
Transfer learning When labeled data on the tar-
get task is available, existing approaches typically
transfer the knowledge by either fine-tuning an
encoder trained on the source tasks(s) (Conneau
et al., 2017; Peters et al., 2018) or multi-task learn-
ing on all tasks with a shared encoder (Collobert
et al., 2011). In this paper, we explore the trans-
ferability of the task-specific attention through hu-
man rationales. We believe this will further assist
learning in low-resource scenarios.
Our work is also related to unsupervised domain
adaptation, as the R2A model has never seen any
target annotations during training. Existing meth-
ods commonly adapt the classifier by aligning the
representations between the source and target do-
mains (Glorot et al., 2011; Chen et al., 2012; Zhou
et al., 2016; Ganin et al., 2016; Zhang et al., 2017).
In contrast, our model adapts the mapping from ra-
tionales to attention; thus after training, it can be
applied to different target tasks.
3 Method
Problem formulation We assume that we have
N source tasks {Si}Ni=1, where each of them has
sufficient amounts of labeled examples. Using ex-
isting methods (Lei et al., 2016), we can gener-
ate rationales for each source example automati-
cally (see Appendix 1 for details). In the target
task T , we only have a limited amount of labeled
examples with large amounts of unlabeled data.
For those labeled examples, we assume access to
human-annotated rationales.
Overview Our goal is to improve classification
performance on the target task by learning a map-
ping from human rationales to high-quality ma-
chine attention (R2A). Given the scarcity of our
target data, we learn this mapping on resource rich
tasks where high-quality attention can be readily
obtained during training. Next, the mapping be-
tween rationales and attention derived from the
source tasks is exported into the target task. To
enable this transfer, models have to operate over
an invariant representation which we construct via
an adversarial objective. Once the mapping is de-
rived, we can translate human rationales in the tar-
get task into high-quality attention. This generated
attention is then used to provide additional training
signal for an attention-based classifier for the tar-
get task. The overall pipeline is shown in Figure 2.
Alternatively, we can view the R2A mapping as
a meta model that produces a prior over the atten-
tion distribution across different tasks.
Model architecture Figure 3 illustrates the ar-
chitecture of our R2A model, which consists of
three components.
• Multi-task learning In order to learn the R2A
mapping, we need annotation for the attention.
This module generates high-quality attention as
an intermediate result by minimizing the predic-
tion error on the source tasks (Section 3.1).
unlabeled target data
R2A
labeled target data
with rationales
labeled target data with
R2A-generated attention
R2A
labeled target data with
R2A-generated attention
target classifier
Step 1: Training R2A
Step 2: R2A inference
Step 3: Training  target classifier
labeled source data
with rationales
Figure 2: Overall pipeline of our approach (Sec-
tion 3.4). The R2A mapping is learned from la-
beled source data and unlabeled target data. Then
we applied it to the target task to derive attention
based on human rationales. Finally, a target clas-
sifier is trained under the supervision of both the
annotated labels and the R2A-generated attention.
• Domain-invariant encoder This module
aims to transform the contextualized represen-
tation obtained from the first module into a
domain-invariant version. We achieve this goal
through domain adversarial training over the
source data and the unlabeled target data (Sec-
tion 3.2).
• Attention generation This module learns to
predict the intermediate attention obtained from
the first module based on the domain-invariant
representation and the rationales (Section 3.3).
3.1 Multi-task learning
The goal of the multi-task learning module is to
learn good attention for each source task. This
learned attention will be used later to supervise the
attention generation module. This module takes
the input text from the source tasks and predicts
the labels. To accomplish the previously stated
goal, we minimize the prediction error over all la-
beled source data.
Let (xt, yt) be a training instance from any
source task t ∈ {S1, . . .SN}. We first en-
code the input sequence xt into hidden states:
ht = enc(xt), where enc is a bi-directional
LSTM (Hochreiter and Schmidhuber, 1997) that
is shared across all source tasks. For each position
i, the dense vector hti encodes the content and con-
text information of the word xti. We then pass the
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<latexit sha1_base64="pT7e yq3teFGlO01wKMXGC2o/WGk=">AAACJXicbVDLSgNBEJyNrxhfq x69DAbBU9iVgB48BLx4jGgekF2X3skkGTIzu8zMCmHJz3jxV7x4M IjgyV9x8jhoYkFDUdVNd1eccqaN5305hbX1jc2t4nZpZ3dv/8A9 PGrqJFOENkjCE9WOQVPOJG0YZjhtp4qCiDltxcObqd96okqzRD6 YUUpDAX3JeoyAsVLkXgc6E4FMOBPM6IjhAHg6gIg95oEAMyDA8/ tx5I/xYFWL3LJX8WbAq8RfkDJaoB65k6CbkExQaQgHrTu+l5owB2 UY4XRcCjJNUyBD6NOOpRIE1WE++3KMz6zSxb1E2ZIGz9TfEzkIr Ucitp3TK/WyNxX/8zqZ6V2FOZNpZqgk80W9jGOT4GlkuMsUJYaP LAGimL0VkwEoIMYGW7Ih+Msvr5LmRcX3Kv5dtVyrLuIoohN0is6 Rjy5RDd2iOmoggp7RK3pHE+fFeXM+nM95a8FZzByjP3C+fwDa4qa h</latexit><latexit sha1_base64="pT7e yq3teFGlO01wKMXGC2o/WGk=">AAACJXicbVDLSgNBEJyNrxhfq x69DAbBU9iVgB48BLx4jGgekF2X3skkGTIzu8zMCmHJz3jxV7x4M IjgyV9x8jhoYkFDUdVNd1eccqaN5305hbX1jc2t4nZpZ3dv/8A9 PGrqJFOENkjCE9WOQVPOJG0YZjhtp4qCiDltxcObqd96okqzRD6 YUUpDAX3JeoyAsVLkXgc6E4FMOBPM6IjhAHg6gIg95oEAMyDA8/ tx5I/xYFWL3LJX8WbAq8RfkDJaoB65k6CbkExQaQgHrTu+l5owB2 UY4XRcCjJNUyBD6NOOpRIE1WE++3KMz6zSxb1E2ZIGz9TfEzkIr Ucitp3TK/WyNxX/8zqZ6V2FOZNpZqgk80W9jGOT4GlkuMsUJYaP LAGimL0VkwEoIMYGW7Ih+Msvr5LmRcX3Kv5dtVyrLuIoohN0is6 Rjy5RDd2iOmoggp7RK3pHE+fFeXM+nM95a8FZzByjP3C+fwDa4qa h</latexit><latexit sha1_base64="pT7e yq3teFGlO01wKMXGC2o/WGk=">AAACJXicbVDLSgNBEJyNrxhfq x69DAbBU9iVgB48BLx4jGgekF2X3skkGTIzu8zMCmHJz3jxV7x4M IjgyV9x8jhoYkFDUdVNd1eccqaN5305hbX1jc2t4nZpZ3dv/8A9 PGrqJFOENkjCE9WOQVPOJG0YZjhtp4qCiDltxcObqd96okqzRD6 YUUpDAX3JeoyAsVLkXgc6E4FMOBPM6IjhAHg6gIg95oEAMyDA8/ tx5I/xYFWL3LJX8WbAq8RfkDJaoB65k6CbkExQaQgHrTu+l5owB2 UY4XRcCjJNUyBD6NOOpRIE1WE++3KMz6zSxb1E2ZIGz9TfEzkIr Ucitp3TK/WyNxX/8zqZ6V2FOZNpZqgk80W9jGOT4GlkuMsUJYaP LAGimL0VkwEoIMYGW7Ih+Msvr5LmRcX3Kv5dtVyrLuIoohN0is6 Rjy5RDd2iOmoggp7RK3pHE+fFeXM+nM95a8FZzByjP3C+fwDa4qa h</latexit><latexit sha1_base64="pT7e yq3teFGlO01wKMXGC2o/WGk=">AAACJXicbVDLSgNBEJyNrxhfq x69DAbBU9iVgB48BLx4jGgekF2X3skkGTIzu8zMCmHJz3jxV7x4M IjgyV9x8jhoYkFDUdVNd1eccqaN5305hbX1jc2t4nZpZ3dv/8A9 PGrqJFOENkjCE9WOQVPOJG0YZjhtp4qCiDltxcObqd96okqzRD6 YUUpDAX3JeoyAsVLkXgc6E4FMOBPM6IjhAHg6gIg95oEAMyDA8/ tx5I/xYFWL3LJX8WbAq8RfkDJaoB65k6CbkExQaQgHrTu+l5owB2 UY4XRcCjJNUyBD6NOOpRIE1WE++3KMz6zSxb1E2ZIGz9TfEzkIr Ucitp3TK/WyNxX/8zqZ6V2FOZNpZqgk80W9jGOT4GlkuMsUJYaP LAGimL0VkwEoIMYGW7Ih+Msvr5LmRcX3Kv5dtVyrLuIoohN0is6 Rjy5RDd2iOmoggp7RK3pHE+fFeXM+nM95a8FZzByjP3C+fwDa4qa h</latexit>
X
i
↵SNi h
SN
i
<latexit sha1_base64="J4fn7m3v959wDgbhcyht7C5E2bw=">AAACJ XicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiYGMlEc0H5M5jbrNJluzuHbt7QjjyZ2z8KzYWBhGs/Ctukis08cHA470ZZuZFCWfauO6XU1hZXVvfKG 6WtrZ3dvfK+wdNHaeK0AaJeazaEWjKmaQNwwyn7URREBGnrWh4PfVbT1RpFssHM0poIKAvWY8RMFYKy1e+ToUvY84EMzpk2AeeDCBkj5kvwAwI8Ox +HN6O8WBZC8sVt+rOgJeJl5MKylEPyxO/G5NUUGkIB607npuYIANlGOF0XPJTTRMgQ+jTjqUSBNVBNvtyjE+s0sW9WNmSBs/U3xMZCK1HIrKd0yv1 ojcV//M6qeldBhmTSWqoJPNFvZRjE+NpZLjLFCWGjywBopi9FZMBKCDGBluyIXiLLy+T5lnVc6ve3Xmldp7HUURH6BidIg9doBq6QXXUQAQ9o1f0j ibOi/PmfDif89aCk88coj9wvn8ANVem2w==</latexit><latexit sha1_base64="J4fn7m3v959wDgbhcyht7C5E2bw=">AAACJ XicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiYGMlEc0H5M5jbrNJluzuHbt7QjjyZ2z8KzYWBhGs/Ctukis08cHA470ZZuZFCWfauO6XU1hZXVvfKG 6WtrZ3dvfK+wdNHaeK0AaJeazaEWjKmaQNwwyn7URREBGnrWh4PfVbT1RpFssHM0poIKAvWY8RMFYKy1e+ToUvY84EMzpk2AeeDCBkj5kvwAwI8Ox +HN6O8WBZC8sVt+rOgJeJl5MKylEPyxO/G5NUUGkIB607npuYIANlGOF0XPJTTRMgQ+jTjqUSBNVBNvtyjE+s0sW9WNmSBs/U3xMZCK1HIrKd0yv1 ojcV//M6qeldBhmTSWqoJPNFvZRjE+NpZLjLFCWGjywBopi9FZMBKCDGBluyIXiLLy+T5lnVc6ve3Xmldp7HUURH6BidIg9doBq6QXXUQAQ9o1f0j ibOi/PmfDif89aCk88coj9wvn8ANVem2w==</latexit><latexit sha1_base64="J4fn7m3v959wDgbhcyht7C5E2bw=">AAACJ XicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiYGMlEc0H5M5jbrNJluzuHbt7QjjyZ2z8KzYWBhGs/Ctukis08cHA470ZZuZFCWfauO6XU1hZXVvfKG 6WtrZ3dvfK+wdNHaeK0AaJeazaEWjKmaQNwwyn7URREBGnrWh4PfVbT1RpFssHM0poIKAvWY8RMFYKy1e+ToUvY84EMzpk2AeeDCBkj5kvwAwI8Ox +HN6O8WBZC8sVt+rOgJeJl5MKylEPyxO/G5NUUGkIB607npuYIANlGOF0XPJTTRMgQ+jTjqUSBNVBNvtyjE+s0sW9WNmSBs/U3xMZCK1HIrKd0yv1 ojcV//M6qeldBhmTSWqoJPNFvZRjE+NpZLjLFCWGjywBopi9FZMBKCDGBluyIXiLLy+T5lnVc6ve3Xmldp7HUURH6BidIg9doBq6QXXUQAQ9o1f0j ibOi/PmfDif89aCk88coj9wvn8ANVem2w==</latexit><latexit sha1_base64="J4fn7m3v959wDgbhcyht7C5E2bw=">AAACJ XicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0MIiYGMlEc0H5M5jbrNJluzuHbt7QjjyZ2z8KzYWBhGs/Ctukis08cHA470ZZuZFCWfauO6XU1hZXVvfKG 6WtrZ3dvfK+wdNHaeK0AaJeazaEWjKmaQNwwyn7URREBGnrWh4PfVbT1RpFssHM0poIKAvWY8RMFYKy1e+ToUvY84EMzpk2AeeDCBkj5kvwAwI8Ox +HN6O8WBZC8sVt+rOgJeJl5MKylEPyxO/G5NUUGkIB607npuYIANlGOF0XPJTTRMgQ+jTjqUSBNVBNvtyjE+s0sW9WNmSBs/U3xMZCK1HIrKd0yv1 ojcV//M6qeldBhmTSWqoJPNFvZRjE+NpZLjLFCWGjywBopi9FZMBKCDGBluyIXiLLy+T5lnVc6ve3Xmldp7HUURH6BidIg9doBq6QXXUQAQ9o1f0j ibOi/PmfDif89aCk88coj9wvn8ANVem2w==</latexit>
yˆS1
<latexit sha1_base64="wJsu hFix8BooNgt0JgtfvpbDS4Y=">AAACAHicbVBNS8NAEN34WetX1 IMHL8EieCqJCOqt4MVjRfsBTQyT7aZdutmE3Y0QQi7+FS8eFPHqz /Dmv3HT5qCtDwYe780wMy9IGJXKtr+NpeWV1bX12kZ9c2t7Z9fc 2+/KOBWYdHDMYtEPQBJGOekoqhjpJ4JAFDDSCybXpd97JELSmN+ rLCFeBCNOQ4pBack3D90xqDwrHnI3AjXGwPK7wncK32zYTXsKa5 E4FWmgCm3f/HKHMU4jwhVmIOXAsRPl5SAUxYwUdTeVJAE8gREZaM ohItLLpw8U1olWhlYYC11cWVP190QOkZRZFOjO8ko575Xif94gV eGll1OepIpwPFsUpsxSsVWmYQ2pIFixTBPAgupbLTwGAVjpzOo6 BGf+5UXSPWs6dtO5PW+0rqo4augIHaNT5KAL1EI3qI06CKMCPaN X9GY8GS/Gu/Exa10yqpkD9AfG5w+N55b5</latexit><latexit sha1_base64="wJsu hFix8BooNgt0JgtfvpbDS4Y=">AAACAHicbVBNS8NAEN34WetX1 IMHL8EieCqJCOqt4MVjRfsBTQyT7aZdutmE3Y0QQi7+FS8eFPHqz /Dmv3HT5qCtDwYe780wMy9IGJXKtr+NpeWV1bX12kZ9c2t7Z9fc 2+/KOBWYdHDMYtEPQBJGOekoqhjpJ4JAFDDSCybXpd97JELSmN+ rLCFeBCNOQ4pBack3D90xqDwrHnI3AjXGwPK7wncK32zYTXsKa5 E4FWmgCm3f/HKHMU4jwhVmIOXAsRPl5SAUxYwUdTeVJAE8gREZaM ohItLLpw8U1olWhlYYC11cWVP190QOkZRZFOjO8ko575Xif94gV eGll1OepIpwPFsUpsxSsVWmYQ2pIFixTBPAgupbLTwGAVjpzOo6 BGf+5UXSPWs6dtO5PW+0rqo4augIHaNT5KAL1EI3qI06CKMCPaN X9GY8GS/Gu/Exa10yqpkD9AfG5w+N55b5</latexit><latexit sha1_base64="wJsu hFix8BooNgt0JgtfvpbDS4Y=">AAACAHicbVBNS8NAEN34WetX1 IMHL8EieCqJCOqt4MVjRfsBTQyT7aZdutmE3Y0QQi7+FS8eFPHqz /Dmv3HT5qCtDwYe780wMy9IGJXKtr+NpeWV1bX12kZ9c2t7Z9fc 2+/KOBWYdHDMYtEPQBJGOekoqhjpJ4JAFDDSCybXpd97JELSmN+ rLCFeBCNOQ4pBack3D90xqDwrHnI3AjXGwPK7wncK32zYTXsKa5 E4FWmgCm3f/HKHMU4jwhVmIOXAsRPl5SAUxYwUdTeVJAE8gREZaM ohItLLpw8U1olWhlYYC11cWVP190QOkZRZFOjO8ko575Xif94gV eGll1OepIpwPFsUpsxSsVWmYQ2pIFixTBPAgupbLTwGAVjpzOo6 BGf+5UXSPWs6dtO5PW+0rqo4augIHaNT5KAL1EI3qI06CKMCPaN X9GY8GS/Gu/Exa10yqpkD9AfG5w+N55b5</latexit><latexit sha1_base64="wJsu hFix8BooNgt0JgtfvpbDS4Y=">AAACAHicbVBNS8NAEN34WetX1 IMHL8EieCqJCOqt4MVjRfsBTQyT7aZdutmE3Y0QQi7+FS8eFPHqz /Dmv3HT5qCtDwYe780wMy9IGJXKtr+NpeWV1bX12kZ9c2t7Z9fc 2+/KOBWYdHDMYtEPQBJGOekoqhjpJ4JAFDDSCybXpd97JELSmN+ rLCFeBCNOQ4pBack3D90xqDwrHnI3AjXGwPK7wncK32zYTXsKa5 E4FWmgCm3f/HKHMU4jwhVmIOXAsRPl5SAUxYwUdTeVJAE8gREZaM ohItLLpw8U1olWhlYYC11cWVP190QOkZRZFOjO8ko575Xif94gV eGll1OepIpwPFsUpsxSsVWmYQ2pIFixTBPAgupbLTwGAVjpzOo6 BGf+5UXSPWs6dtO5PW+0rqo4augIHaNT5KAL1EI3qI06CKMCPaN X9GY8GS/Gu/Exa10yqpkD9AfG5w+N55b5</latexit>
yˆSN
<latexit sha1_base64="9NW4BKchG5BNRC+qsvs3THOgjaU=">AAACAHicbVD LSsNAFJ3UV62vqAsXbgaL4KokIqi7ghtXUtE+oIlhMp20QycPZm6EELLxV9y4UMStn+HOv3HSdqGtBy4czrmXe+/xE8EVWNa3UVlaXlldq67XNja3tnfM3b2OilN JWZvGIpY9nygmeMTawEGwXiIZCX3Buv74qvS7j0wqHkf3kCXMDckw4gGnBLTkmQfOiECeFQ+5ExIYUSLyu8K7KTyzbjWsCfAisWekjmZoeeaXM4hpGrIIqCBK9W0 rATcnEjgVrKg5qWIJoWMyZH1NIxIy5eaTBwp8rJUBDmKpKwI8UX9P5CRUKgt93Vleqea9UvzP66cQXLg5j5IUWESni4JUYIhxmQYecMkoiEwTQiXXt2I6IpJQ0Jn VdAj2/MuLpHPasK2GfXtWb17O4qiiQ3SETpCNzlETXaMWaiOKCvSMXtGb8WS8GO/Gx7S1Ysxm9tEfGJ8/ufiXFg==</latexit><latexit sha1_base64="9NW4BKchG5BNRC+qsvs3THOgjaU=">AAACAHicbVD LSsNAFJ3UV62vqAsXbgaL4KokIqi7ghtXUtE+oIlhMp20QycPZm6EELLxV9y4UMStn+HOv3HSdqGtBy4czrmXe+/xE8EVWNa3UVlaXlldq67XNja3tnfM3b2OilN JWZvGIpY9nygmeMTawEGwXiIZCX3Buv74qvS7j0wqHkf3kCXMDckw4gGnBLTkmQfOiECeFQ+5ExIYUSLyu8K7KTyzbjWsCfAisWekjmZoeeaXM4hpGrIIqCBK9W0 rATcnEjgVrKg5qWIJoWMyZH1NIxIy5eaTBwp8rJUBDmKpKwI8UX9P5CRUKgt93Vleqea9UvzP66cQXLg5j5IUWESni4JUYIhxmQYecMkoiEwTQiXXt2I6IpJQ0Jn VdAj2/MuLpHPasK2GfXtWb17O4qiiQ3SETpCNzlETXaMWaiOKCvSMXtGb8WS8GO/Gx7S1Ysxm9tEfGJ8/ufiXFg==</latexit><latexit sha1_base64="9NW4BKchG5BNRC+qsvs3THOgjaU=">AAACAHicbVD LSsNAFJ3UV62vqAsXbgaL4KokIqi7ghtXUtE+oIlhMp20QycPZm6EELLxV9y4UMStn+HOv3HSdqGtBy4czrmXe+/xE8EVWNa3UVlaXlldq67XNja3tnfM3b2OilN JWZvGIpY9nygmeMTawEGwXiIZCX3Buv74qvS7j0wqHkf3kCXMDckw4gGnBLTkmQfOiECeFQ+5ExIYUSLyu8K7KTyzbjWsCfAisWekjmZoeeaXM4hpGrIIqCBK9W0 rATcnEjgVrKg5qWIJoWMyZH1NIxIy5eaTBwp8rJUBDmKpKwI8UX9P5CRUKgt93Vleqea9UvzP66cQXLg5j5IUWESni4JUYIhxmQYecMkoiEwTQiXXt2I6IpJQ0Jn VdAj2/MuLpHPasK2GfXtWb17O4qiiQ3SETpCNzlETXaMWaiOKCvSMXtGb8WS8GO/Gx7S1Ysxm9tEfGJ8/ufiXFg==</latexit><latexit sha1_base64="9NW4BKchG5BNRC+qsvs3THOgjaU=">AAACAHicbVD LSsNAFJ3UV62vqAsXbgaL4KokIqi7ghtXUtE+oIlhMp20QycPZm6EELLxV9y4UMStn+HOv3HSdqGtBy4czrmXe+/xE8EVWNa3UVlaXlldq67XNja3tnfM3b2OilN JWZvGIpY9nygmeMTawEGwXiIZCX3Buv74qvS7j0wqHkf3kCXMDckw4gGnBLTkmQfOiECeFQ+5ExIYUSLyu8K7KTyzbjWsCfAisWekjmZoeeaXM4hpGrIIqCBK9W0 rATcnEjgVrKg5qWIJoWMyZH1NIxIy5eaTBwp8rJUBDmKpKwI8UX9P5CRUKgt93Vleqea9UvzP66cQXLg5j5IUWESni4JUYIhxmQYecMkoiEwTQiXXt2I6IpJQ0Jn VdAj2/MuLpHPasK2GfXtWb17O4qiiQ3SETpCNzlETXaMWaiOKCvSMXtGb8WS8GO/Gx7S1Ysxm9tEfGJ8/ufiXFg==</latexit>
predS1
<latexit sha1_base64="M4lY rvt0V+eC2A/jQRiyDSazUFg=">AAACD3icbVC7TsMwFHXKq5RXg JHFogIxVQlCArZKLIxF0IfUhshxnNaq7US2g1RF+QMWfoWFAYRYW dn4G5y0A7QcyfLxuffI954gYVRpx/m2KkvLK6tr1fXaxubW9o69 u9dRcSoxaeOYxbIXIEUYFaStqWakl0iCeMBINxhfFfXuA5GKxuJ OTxLicTQUNKIYaSP59vGAIz2SPCvvIMqMO8zz++kbI5bd5r6b+3 bdaTgl4CJxZ6QOZmj59tcgjHHKidCYIaX6rpNoL0NSU8xIXhukii QIj9GQ9A0ViBPlZeU+OTwySgijWJojNCzV344McaUmPDCdxZRqv laI/9X6qY4uvIyKJNVE4OlHUcqgjmERDgypJFiziSEIS2pmhXiE JMLaRFgzIbjzKy+SzmnDdRruzVm9eTmLowoOwCE4AS44B01wDVq gDTB4BM/gFbxZT9aL9W59TFsr1syzD/7A+vwB99qd0w==</latex it><latexit sha1_base64="M4lY rvt0V+eC2A/jQRiyDSazUFg=">AAACD3icbVC7TsMwFHXKq5RXg JHFogIxVQlCArZKLIxF0IfUhshxnNaq7US2g1RF+QMWfoWFAYRYW dn4G5y0A7QcyfLxuffI954gYVRpx/m2KkvLK6tr1fXaxubW9o69 u9dRcSoxaeOYxbIXIEUYFaStqWakl0iCeMBINxhfFfXuA5GKxuJ OTxLicTQUNKIYaSP59vGAIz2SPCvvIMqMO8zz++kbI5bd5r6b+3 bdaTgl4CJxZ6QOZmj59tcgjHHKidCYIaX6rpNoL0NSU8xIXhukii QIj9GQ9A0ViBPlZeU+OTwySgijWJojNCzV344McaUmPDCdxZRqv laI/9X6qY4uvIyKJNVE4OlHUcqgjmERDgypJFiziSEIS2pmhXiE JMLaRFgzIbjzKy+SzmnDdRruzVm9eTmLowoOwCE4AS44B01wDVq gDTB4BM/gFbxZT9aL9W59TFsr1syzD/7A+vwB99qd0w==</latex it><latexit sha1_base64="M4lY rvt0V+eC2A/jQRiyDSazUFg=">AAACD3icbVC7TsMwFHXKq5RXg JHFogIxVQlCArZKLIxF0IfUhshxnNaq7US2g1RF+QMWfoWFAYRYW dn4G5y0A7QcyfLxuffI954gYVRpx/m2KkvLK6tr1fXaxubW9o69 u9dRcSoxaeOYxbIXIEUYFaStqWakl0iCeMBINxhfFfXuA5GKxuJ OTxLicTQUNKIYaSP59vGAIz2SPCvvIMqMO8zz++kbI5bd5r6b+3 bdaTgl4CJxZ6QOZmj59tcgjHHKidCYIaX6rpNoL0NSU8xIXhukii QIj9GQ9A0ViBPlZeU+OTwySgijWJojNCzV344McaUmPDCdxZRqv laI/9X6qY4uvIyKJNVE4OlHUcqgjmERDgypJFiziSEIS2pmhXiE JMLaRFgzIbjzKy+SzmnDdRruzVm9eTmLowoOwCE4AS44B01wDVq gDTB4BM/gFbxZT9aL9W59TFsr1syzD/7A+vwB99qd0w==</latex it><latexit sha1_base64="M4lY rvt0V+eC2A/jQRiyDSazUFg=">AAACD3icbVC7TsMwFHXKq5RXg JHFogIxVQlCArZKLIxF0IfUhshxnNaq7US2g1RF+QMWfoWFAYRYW dn4G5y0A7QcyfLxuffI954gYVRpx/m2KkvLK6tr1fXaxubW9o69 u9dRcSoxaeOYxbIXIEUYFaStqWakl0iCeMBINxhfFfXuA5GKxuJ OTxLicTQUNKIYaSP59vGAIz2SPCvvIMqMO8zz++kbI5bd5r6b+3 bdaTgl4CJxZ6QOZmj59tcgjHHKidCYIaX6rpNoL0NSU8xIXhukii QIj9GQ9A0ViBPlZeU+OTwySgijWJojNCzV344McaUmPDCdxZRqv laI/9X6qY4uvIyKJNVE4OlHUcqgjmERDgypJFiziSEIS2pmhXiE JMLaRFgzIbjzKy+SzmnDdRruzVm9eTmLowoOwCE4AS44B01wDVq gDTB4BM/gFbxZT9aL9W59TFsr1syzD/7A+vwB99qd0w==</latex it>
predSN
<latexit sha1_base64="i8MPa6TUYdxfbChqAhnSmATjGBI=">AAAC D3icbVC7TsMwFHV4lvIKMLJYVCCmKkFIwFaJhQkVQR9SGyLHcVqrthPZDlIV5Q9Y+BUWBhBiZWXjb3DSDtByJMvH594j33uChFGlHefbWlhcWl5Z raxV1zc2t7btnd22ilOJSQvHLJbdACnCqCAtTTUj3UQSxANGOsHosqh3HohUNBZ3epwQj6OBoBHFSBvJt4/6HOmh5Fl5B1Fm3GGe30/eGLHsNvev c9+uOXWnBJwn7pTUwBRN3/7qhzFOOREaM6RUz3US7WVIaooZyav9VJEE4REakJ6hAnGivKzcJ4eHRglhFEtzhIal+tuRIa7UmAems5hSzdYK8b9a L9XRuZdRkaSaCDz5KEoZ1DEswoEhlQRrNjYEYUnNrBAPkURYmwirJgR3duV50j6pu07dvTmtNS6mcVTAPjgAx8AFZ6ABrkATtAAGj+AZvII368l6 sd6tj0nrgjX17IE/sD5/ACP6nfA=</latexit><latexit sha1_base64="i8MPa6TUYdxfbChqAhnSmATjGBI=">AAAC D3icbVC7TsMwFHV4lvIKMLJYVCCmKkFIwFaJhQkVQR9SGyLHcVqrthPZDlIV5Q9Y+BUWBhBiZWXjb3DSDtByJMvH594j33uChFGlHefbWlhcWl5Z raxV1zc2t7btnd22ilOJSQvHLJbdACnCqCAtTTUj3UQSxANGOsHosqh3HohUNBZ3epwQj6OBoBHFSBvJt4/6HOmh5Fl5B1Fm3GGe30/eGLHsNvev c9+uOXWnBJwn7pTUwBRN3/7qhzFOOREaM6RUz3US7WVIaooZyav9VJEE4REakJ6hAnGivKzcJ4eHRglhFEtzhIal+tuRIa7UmAems5hSzdYK8b9a L9XRuZdRkaSaCDz5KEoZ1DEswoEhlQRrNjYEYUnNrBAPkURYmwirJgR3duV50j6pu07dvTmtNS6mcVTAPjgAx8AFZ6ABrkATtAAGj+AZvII368l6 sd6tj0nrgjX17IE/sD5/ACP6nfA=</latexit><latexit sha1_base64="i8MPa6TUYdxfbChqAhnSmATjGBI=">AAAC D3icbVC7TsMwFHV4lvIKMLJYVCCmKkFIwFaJhQkVQR9SGyLHcVqrthPZDlIV5Q9Y+BUWBhBiZWXjb3DSDtByJMvH594j33uChFGlHefbWlhcWl5Z raxV1zc2t7btnd22ilOJSQvHLJbdACnCqCAtTTUj3UQSxANGOsHosqh3HohUNBZ3epwQj6OBoBHFSBvJt4/6HOmh5Fl5B1Fm3GGe30/eGLHsNvev c9+uOXWnBJwn7pTUwBRN3/7qhzFOOREaM6RUz3US7WVIaooZyav9VJEE4REakJ6hAnGivKzcJ4eHRglhFEtzhIal+tuRIa7UmAems5hSzdYK8b9a L9XRuZdRkaSaCDz5KEoZ1DEswoEhlQRrNjYEYUnNrBAPkURYmwirJgR3duV50j6pu07dvTmtNS6mcVTAPjgAx8AFZ6ABrkATtAAGj+AZvII368l6 sd6tj0nrgjX17IE/sD5/ACP6nfA=</latexit><latexit sha1_base64="i8MPa6TUYdxfbChqAhnSmATjGBI=">AAAC D3icbVC7TsMwFHV4lvIKMLJYVCCmKkFIwFaJhQkVQR9SGyLHcVqrthPZDlIV5Q9Y+BUWBhBiZWXjb3DSDtByJMvH594j33uChFGlHefbWlhcWl5Z raxV1zc2t7btnd22ilOJSQvHLJbdACnCqCAtTTUj3UQSxANGOsHosqh3HohUNBZ3epwQj6OBoBHFSBvJt4/6HOmh5Fl5B1Fm3GGe30/eGLHsNvev c9+uOXWnBJwn7pTUwBRN3/7qhzFOOREaM6RUz3US7WVIaooZyav9VJEE4REakJ6hAnGivKzcJ4eHRglhFEtzhIal+tuRIa7UmAems5hSzdYK8b9a L9XRuZdRkaSaCDz5KEoZ1DEswoEhlQRrNjYEYUnNrBAPkURYmwirJgR3duV50j6pu07dvTmtNS6mcVTAPjgAx8AFZ6ABrkATtAAGj+AZvII368l6 sd6tj0nrgjX17IE/sD5/ACP6nfA=</latexit>
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(a) Multi-task learning (b) Domain-invariant Encoder
(c) Attention Generation
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Figure 3: Architecture of the R2A model. The model is comprised of (a) a multi-task learning compo-
nent, (b) a domain-invariant encoder, and (c) an attention generation component. Solid arrows denote
computations for training, while dotted arrows denote computations for inference.
sequence ht on to a task-specific attention module
to produce attention αt = attt(ht) as follows:
h˜ti = tanh(W
t
atth
t
i + b
t
att),
αti =
exp(〈h˜ti, qtatt〉)∑
j exp(〈h˜tj , qtatt〉)
,
where 〈·, ·〉 denotes inner product and W tatt, btatt,
qtatt are learnable parameters. We predict the la-
bel of xt using the weighted sum of its contex-
tualized representation: yˆt = predt(
∑
i α
t
ih
t
i),
where predt is a task-specific multi-layer percep-
tron. We train this module to minimize the loss,
Llbl, between the prediction and the annotated la-
bel for all source tasks. We use cross entropy loss
for classification tasks and mean square loss for
regression tasks.
3.2 Domain-invariant encoder
Supplied with large amounts of source data and
unlabeled target data, this module has two goals:
1) learning a general encoder for both source and
target corpora, and 2) learning domain-invariant
representation. This module enables effective
transfer—especially in the presence of significant
variance between the source and target domains.
We achieve the first goal by optimizing a lan-
guage modeling objective and the second goal by
minimizing the Wasserstein distance between the
source and target distribution.
Let x be an input sequence, and h , [−→h ;←−h ]
be its corresponding contextualized representation
obtained from enc. Here,
−→
h and
←−
h denote
the output sequence of the forward and backward
LSTM, respectively. In order to support transfer,
enc should be general enough to effectively rep-
resent both source and target corpora. For this rea-
son, we ground the encoder by a language mod-
eling component (Bengio et al., 2003; Mikolov
et al., 2011). Specifically, we employ two Soft-
max classifiers to predict the word xi based on−→
h i−1 and
←−
h i+1 respectively. We minimize the
cross-entropy lossLlm over all source data and un-
labeled target data.
The representation h is domain-specific as it
is trained to encode useful features for language
modeling and the source tasks. To obtain an invari-
ant representation, we employ a transformation
layer and propose to align the transformed repre-
sentation so that it is not distinguishable whether it
comes from the source or the target. Specifically,
we transform the representation hi at each position
i linearly and obtain
hinvi =Winvhi + binv,
where Winv and binv are learnable parameters.
We minimize the Wasserstein distance (Arjovsky
et al., 2017) between the distribution of hinv from
the source and the one from the target, denoted as
PS and PT , respectively. Since hinv is a sequence
of variable length, L, we summarize it by its first
and last element via concatenation, [hinv1 ;h
inv
L ].
The training objective is defined as:
Lwd = sup
‖f‖L≤K
Ehinv∼PS
[
f([hinv1 ;h
inv
L ])
]
− Ehinv∼PT
[
f([hinv1 ;h
inv
L ])
]
,
where the supremum is over allK-Lipschitz scalar
functions f . Following Gulrajani et al. (2017), we
approximate f by a multi-layer perceptron, and
use gradient penalty to fulfill the Lipschitz con-
straint.
3.3 Attention generation
The goal of this module is to generate high-quality
attention for each task. This module combines
the domain-invariant representation together with
task-specific rationales as its input and predicts
task-specific attention scores. We minimize the
distance between the predicted attention and the
intermediate attention obtained from the multi-
task learning module.
For any source task t ∈ {Si}Ni=1, we denote
rt as the task-specific rationales corresponding to
the input text xt, and denote hinv,t as the domain-
invariant representation of xt. For each position
i, we first concatenate rti with the frequency of x
t
i
occurring as a rationale from all training examples
of this task. We denote this augmented sequence
as r˜t. This frequency term provides the unigram
likelihood of each word being a rationale for the
task. Then we employ a sequence encoder encr2a
and an attention module attr2a to predict the at-
tention scores:
ut = encr2a([hinv,t; r˜t]),
u˜ti = tanh(W
r2a
att u
t
i + b
r2a
att),
αˆti =
exp(〈u˜ti, qr2aatt 〉)∑
j exp(〈u˜tj , qr2aatt 〉)
,
where W r2aatt , b
r2a
att and q
r2a
att are learnable param-
eters, and both encr2a and attr2a are shareable
across all tasks. We minimize the distance be-
tween αˆt and the αt obtained from the first multi-
task learning module over all source data:
Latt =
∑
(αt,αˆt),t∈{Si}Ni=1
d(αt, αˆt),
where d(·, ·) can be any distance metric. In this
paper, we consider a soft-margin cosine distance:
d(a, b) , max(0, 1− cos(a, b)− 0.1),
where cos(·, ·) denotes the cosine similarity.
3.4 Pipeline
Training R2A We train the three aforemen-
tioned modules jointly using both the source data
and the unlabeled target data. The overall objec-
tive is given by:
L = Llbl + λattLatt + λlmLlm + λwdLwd. (1)
The λs are hyper-parameters that control the im-
portance of each training objective and Ls repre-
sent the corresponding loss functions.
R2A inference Once the R2A model is trained,
we can generate attention for each labeled target
example based on its human-annotated rationales.
Training target classifier When testing the per-
formance on the target task, of course, we are nei-
ther provided with labels nor rationales. In order
to make predictions for the target task, we train
a new classifier under the supervision of both the
labels and the R2A-generated attention. Specifi-
cally, this target classifier shares the same archi-
tecture as the source one in the multi-task learning
module. We minimize the prediction loss, LTlbl, on
the labeled target data together with the cosine dis-
tance, LTatt, between the R2A-generated attention
and the attention generated by this target classi-
fier. The joint objective for this target classifier is
defined as
L = LTlbl + λTattLTatt, (2)
where λTatt controls the importance of LTatt. For
better transfer, we initialize the encoder in the tar-
get classifier as enc from the trained R2A model.
4 Experimental Setup
4.1 Datasets
We evaluate our approach on two transfer settings:
transfer among aspects within the same domain
and transfer among different domains.
Aspect transfer We first consider the transfer
problem between multiple aspects of one domain:
beer review. We use a subset of the BeerAdvocate3
review dataset (McAuley et al., 2012) introduced
by Lei et al. (2016). This dataset contains reviews
with ratings (in the scale of [0, 1]) from three as-
pects of the beer: look, aroma and palate. We treat
3https://www.beeradvocate.com
Beer
Aspects
Source
Train
Source
Dev
Target
Train‡
Target
Dev
Target
Test
Look 43,351 10,170 200 200 4,014
Aroma 39,825 8,772 200 200 4,212
Palate 30,041 7,152 200 200 3,804
Table 1: Statistics of the beer review dataset. ‡ de-
notes data with human-annotated rationales.
Hotel
Aspects
Target
Train‡
Target
Dev
Target
Test
Target
Unlabeled
Location 200 200 1,808 14,472
Cleanliness 200 200 12,684 14,472
Service 200 200 18,762 14,472
Table 2: Statistics of the hotel review dataset. ‡
denotes data with human-annotated rationales.
any two aspects as the source and the other one
as the target. We consider a classification setting
for each target task. Specifically, reviews with rat-
ings ≤ 0.4 are labeled as negative and those with
≥ 0.6 are labeled as positive. We form our dataset
by randomly selecting an equal number of positive
and negative examples. Then we randomly select
200 examples and ask human annotators to pro-
vide rationales (see Appendix 2 for details). These
200 examples are treated as our labeled training
data for the target aspect. Unlabeled target data is
not required since both source and target tasks are
from the same domain. Table 1 summarizes the
statistics of the beer review dataset.
Domain transfer Our second experiment fo-
cuses on domain transfer from beer reviews to
different aspects of hotel reviews. We use the
TripAdvisor4 hotel review dataset (Wang et al.,
2010), with the following three aspects as our
transfer target: location, cleanliness, and service.
For each aspect, reviews with ratings > 3 are la-
beled as positive and those with < 3 are labeled as
negative. Similarly, we collect human rationales
for 200 examples and treat them as our training
data (see Appendix 2 for details). Table 2 summa-
rizes the statistics of the hotel review dataset. In
this experiment, data from all three aspects of the
beer reviews are treated as the source tasks.
4.2 Baselines
We compare our approach (OURS) with four types
of baselines:
4https://www.tripadvisor.com
Basic classifier We train a linear SVM using
bag-of-ngrams representation on the labeled tar-
get data. We combine uni-gram, bi-grams, and tri-
grams as features and use tf-idf weighting.
Rationale augmented classifiers We evaluate
two previous methods that incorporate human ra-
tionales during training: 1) rationale augmented
SVM (RA-SVM) (Zaidan et al., 2007), an SVM-
based model that utilizes human rationales to regu-
larize the decision boundary of the classifier; 2) ra-
tionale augmented CNN (RA-CNN) (Zhang et al.,
2016). RA-CNN first trains a CNN-based sen-
tence classifier to estimate the probability that a
given sentence contains rationale words. Then
RA-CNN scales the contribution of each sentence
to the overall representation in proportion to these
estimates. The final prediction is made from this
overall representation.
Transfer methods We compare against two
variants of our method: 1) TRANS, an attention-
based classifier that does not use human rationales
from the target task; 2) RA-TRANS, an attention-
based classifier that directly uses human rationales
to supervise the attention. Specifically, TRANS
only optimizes the cross-entropy loss LTlbl in the
objective (Eq. (2)). For RA-TRANS, the term LTatt
in the objective Eq. (2) is replaced by the cosine
distance between human rationales and the atten-
tion generated by itself. Note that both models still
have the ability to transfer, as their encoders are
both initialized from enc, which has been trained
on source data and unlabeled target data.
Oracle We also report the performance of an
ORACLE which shares the same architecture as
ours but is supervised by the oracle attention. The
oracle attention is derived from a held-out dataset
with large-scale annotations for the target task (see
Appendix 3 for details). This helps us analyze the
contribution of our R2A approach in isolation of
the inherent limitations of the target tasks.
4.3 Implementation details
We use pre-trained fastText embeddings (Bo-
janowski et al., 2017), a 200-dimension bi-
directional LSTM (Hochreiter and Schmidhu-
ber, 1997) for the language encoder, and a 50-
dimension bi-directional LSTM for the R2A en-
coder. Dropout (Srivastava et al., 2014) is ap-
plied with drop rate 0.1 on the word embeddings
and the last hidden layers of the classifiers. All
Source Target SVM RA-SVM‡ RA-CNN‡ TRANS† RA-TRANS‡† OURS‡† ORACLE†
Beer aroma+palate Beer look 74.41 74.83 74.94 72.75 76.41 79.53 80.29
Beer look+palate Beer aroma 68.57 69.23 67.55 69.92 76.45 77.94 78.11
Beer look+aroma Beer palate 63.88 67.82 65.72 74.66 73.40 75.24 75.50
Table 3: Accuracy of transferring between aspects. Models with † use labeled data from source aspects.
Models with ‡ use human rationales on the target aspect.
Source Target SVM RA-SVM‡ RA-CNN‡ TRANS† RA-TRANS‡† OURS‡† ORACLE†
Beer look
+
Beer aroma
+
Beer palate
Hotel location 78.65 79.09 79.28 80.42 82.10 84.52 85.43
Hotel cleanliness 86.44 86.68 89.01 86.95 87.15 90.66 92.09
Hotel service 85.34 86.61 87.91 87.37 86.40 89.93 92.42
Table 4: Accuracy of transferring between domains. Models with † use labeled data from source domains
and unlabeled data from the target domain. Models with ‡ use human rationales on the target task.
parameters are optimized using Adam (Kingma
and Ba, 2014). We set the initial learning rate
to 0.001 and divide it by 10 once the perfor-
mance on the development set plateaus. For RA-
TRANS, OURS and ORACLE, we tuned λTatt from
{102, 101, 100, 10−1, 10−2}. For domain transfer,
we set λlm = 0.1, λwd = 0.01 and λatt = 0.01.
For aspect transfer, we adapt the same hyper-
parameters, but set λwd = 0 as both source tasks
and the target task come from the same domain.
To encourage the R2A-generated attention to be
consistent with the provided rationales in aspect
transfer, we augment the overall training objective
of R2A in Eq. (3.3) by a consistency regulariza-
tion, which is computed from the cosine distance
between the R2A-generated attention and the pro-
vided rationales.
In addition, computing Llm is both time and
memory inefficient because the complexity is lin-
ear to the size of the vocabulary, which can be very
large. To expedite the training, we adopt a tech-
nique proposed by Mikolov et al. (2011), which
randomly splits the entire vocabulary into a pre-
defined number of bins and minimizes the loss of
the bin prediction instead of the exact token pre-
diction. We set the bin size as 100 for our experi-
ment.
5 Results
Aspect transfer Table 3 summarizes the results
of aspect transfer on the beer review dataset. Our
model (OURS) obtains substantial gains in accu-
racy over the baselines across all three target as-
pects. It closely matches the performance of OR-
ACLE with only 0.40% absolute difference.
Model
Hotel
location
Hotel
cleanliness
Hotel
service
OURS 84.52 90.66 89.93
w/o Lwd 82.36 89.79 89.61
w/o Llm 82.47 90.05 89.75
Table 5: Ablation study on domain transfer from
beer to hotel.
Specifically, all rationale-augmented methods
(RA-SVM, RA-TRANS and OURS) outperform
their rationale-free counterparts on average. This
confirms the value of human rationales in the
low-resource settings. We observe that the trans-
fer baseline that directly uses rationale as aug-
mented supervision (RA-TRANS) underperforms
ORACLE by a large margin. This validates our
hypothesis that human rationales and attention are
different.
Domain transfer Table 4 presents the results
of domain transfer using 200 training examples.
We use the three aspects of the beer review data
together as our source tasks while use the three
aspects of hotel review data as the target. Our
model (OURS) shows marked performance im-
provement. The error reduction over the best base-
line is 15.08% on average.
We compare the learning curve in Figure 4. We
observe that the performance of our model steadily
improves as more annotations are provided, and
the improvement over other baselines is significant
and consistent.
Ablation study Table 5 presents the results of
an ablation study of our model in the setting of
domain transfer. As this table indicates, both the
language modeling objective and the Wasserstein
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Figure 4: Learning curve of transferring from beer review to three aspects of hotel review: location (left),
cleanliness (center) and service (right). For neural methods, we ran five different random seeds and plot
their mean with their standard deviation.
(a) OURS (b) OURS w/o Lwd
Figure 5: t-SNE visualization of the learned hidden
representation5 for beer review (blue circle) and
hotel review (orange triangle).
Target
Human
rationales
R2A-generated
attention
Location 0.5185 0.2371
Cleanliness 0.5948 0.3141
Service 0.5833 0.2871
Table 6: Avg. cosine distance to the oracle atten-
tion over the target training set. The R2A is trained
on beer reviews with unlabeled hotel reviews.
distance contribute similarly to the task, with the
Wasserstein distance having a bigger impact.
Visualization of representation Figure 5 visu-
alizes the hidden representation of 200 beer re-
views and 200 hotel reviews using t-SNE (Maaten
and Hinton, 2008). We observe that our model
successfully aligns the source and the target fea-
ture distribution. This indicates the effectiveness
of optimizing the Wasserstein distance objective.
Analysis of R2A-generated attention In order
to validate that the trained R2A model is able to
generate task-specific attention from human ratio-
nales, we perform both qualitative and quantitative
5Since the hidden representation is a sequence of variable
length, we applied t-SNE on the concatenation of the first and
last element: [hinv1 ;hinvL ].
analysis on the R2A-generated attention in the set-
ting of domain transfer. It is worth pointing out
that our R2A model has never seen any labeled
hotel reviews during training.
Table 6 presents the average cosine distance be-
tween the R2A-generated attention and the oracle
attention over the target training set. Compared
with human rationales, the R2A-generated atten-
tion is much closer to the oracle attention. This ex-
plains the large performance boost of our method.
Figure 6 visualize the R2A-generated atten-
tion on the same hotel review with human ra-
tionales corresponding to three different aspects.
We observe that the trained R2A model is able to
produce task-specific attention scores correspond-
ing to the provided human rationale. For exam-
ple, given the rationale sentence “not the cleanest
rooms but bed was clean and so was bathroom”,
R2A recognizes that not every token is equally im-
portant, and the attention should focus more on
“clean”, “cleanest”, “rooms” and “bathroom”.
Annotating rationales versus annotating more
labeled data Providing rationales for the
training data roughly doubles the annotation
cost (Zaidan et al., 2007). Given the same
annotation budget, a natural question is: shall we
collect a few labeled examples with rationales
or annotate more labeled examples? To answer
this question, we vary the number of training
examples in the target task. Figure 7 shows the
corresponding learning curve of a classifier that
is trained without rationales. The reference line
represents the accuracy of our approach trained on
200 examples with rationales. We notice that in
order to reach the same level of performance, the
rationale-free classifier requires 800, 3100, and
1900 labeled examples on the three target tasks
respectively.
Task: Hotel location Oracle attention
you get what you pay for . not the cleanest rooms but bed was clean and so was bathroom . bring your own towels though
as very thin . service was excellent , let us book in at 8:30am ! for location and price , this ca n’t be beaten , but it is
cheap for a reason . if you come expecting the hilton , then book the hilton ! for uk travellers , think of a blackpool b&b.
Task: Hotel location R2A-generated attention
you get what you pay for . not the cleanest rooms but bed was clean and so was bathroom . bring your own towels though
as very thin . service was excellent , let us book in at 8:30am ! for location and price , this ca n’t be beaten , but it is
cheap for a reason . if you come expecting the hilton , then book the hilton ! for uk travellers , think of a blackpool b&b.
Task: Hotel cleanliness Oracle attention
you get what you pay for . not the cleanest rooms but bed was clean and so was bathroom . bring your own towels
though as very thin . service was excellent , let us book in at 8:30am ! for location and price , this ca n’t be beaten , but it
is cheap for a reason . if you come expecting the hilton , then book the hilton ! for uk travellers , think of a blackpool b&b.
Task: Hotel cleanliness R2A-generated attention
you get what you pay for . not the cleanest rooms but bed was clean and so was bathroom . bring your own towels
though as very thin . service was excellent , let us book in at 8:30am ! for location and price , this ca n’t be beaten , but it
is cheap for a reason . if you come expecting the hilton , then book the hilton ! for uk travellers , think of a blackpool b&b.
Task: Hotel service Oracle Attention
you get what you pay for . not the cleanest rooms but bed was clean and so was bathroom . bring your own towels though
as very thin . service was excellent , let us book in at 8:30am ! for location and price , this ca n’t be beaten , but it is cheap
for a reason . if you come expecting the hilton , then book the hilton ! for uk travellers , think of a blackpool b&b.
Task: Hotel service R2A-generated attention
you get what you pay for . not the cleanest rooms but bed was clean and so was bathroom . bring your own towels though
as very thin . service was excellent , let us book in at 8:30am ! for location and price , this ca n’t be beaten , but it is cheap
for a reason . if you come expecting the hilton , then book the hilton ! for uk travellers , think of a blackpool b&b.
Figure 6: Oracle attention versus R2A-generated attention on an example of hotel review for three differ-
ent tasks. Words are highlighted according to the attention scores. Human rationales are shown in bold
with underlines. The oracle attention is derived from large amounts of labeled hotel reviews. The R2A
is trained on labeled beer reviews with unlabeled hotel reviews.
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Figure 7: Learning curve of an attention-based classifier on three tasks: hotel location (left), hotel clean-
liness (center), hotel service (right). The performance of our approach trained on 200 examples with
human rationales is shown as a reference.
6 Conclusion
In this paper, we propose a novel approach that uti-
lizes the connection between human rationales and
machine attention to improve the performance of
low-resource tasks. Specifically, we learn a trans-
ferrable mapping from rationales to high-quality
attention on resource-rich tasks. The learned map-
ping is then used to provide an additional super-
vision for the target task. Experimental results on
both aspect and domain transfer validate that the
R2A-generated attention serves as a better form of
supervision. Our model produces high-quality at-
tention for low-resource tasks.
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A1 Generating machine rationales
Collecting rationales at scale is expensive. Thus,
we employ an existing rationalization model (Lei
et al., 2016) to generate high-quality rationales au-
tomatically for the resource-rich source tasks.
The rationalization model is composed of two
modular components: a generator and a classi-
fier. The generator generates rationales from the
input, and the classifier maps the generated ratio-
nales into the final label. The two components are
trained jointly to minimize a loss function that fa-
vors short, concise rationales while enforcing that
the rationales alone suffice for accurate prediction.
Figure 8 illustrates the model architecture. For
the generator, we use a 200 dimensional bi-LSTM
to encode the word embedding sequence. Then
we apply a linear regressor at each position i to
predict the probability pi that the current word is
a rationale. We sample zi from this probability
and pass the sampled rationales zixi to the classi-
fier module. To encourage fast and stable conver-
gence, we use the Gumbel trick (Jang et al., 2016)
during sampling.
For the classifier, we employ a CNN-based
model (Kim, 2014). Specifically, the classifier
first computes 1D convolution over the embed-
dings of the generated rationales. The filter win-
dows are 3, 5, 7 with 50 feature maps each. It then
applies max-over-time pooling to obtain a fixed-
length feature vector. Finally, a multilayer percep-
tron (MLP) is used to predict the label from the
feature vector. The MLP consists of one hidden
x1
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<latexit sha1_base64="QiIs4Kak8VYb4G7HY7jR0j8t3 /I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHjwUMHUQhvKZjtpl242YXcjltDf4MWDIl79Qd78N27bHLT1w cDjvRlm5oWp4Nq47rdTWlldW98ob1a2tnd296r7By2dZIqhzxKRqHZINQou0TfcCGynCmkcCnwIR9dT/+ERleaJvDfjFI OYDiSPOKPGSv5TL7+d9Ko1t+7OQJaJV5AaFGj2ql/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGfHTsiJ VfokSpQtachM/T2R01jrcRzazpiaoV70puJ/Xicz0WWQc5lmBiWbL4oyQUxCpp+TPlfIjBhbQpni9lbChlRRZmw+FRuCt /jyMmmd1T237t2d1xpXRRxlOIJjOAUPLqABN9AEHxhweIZXeHOk8+K8Ox/z1pJTzBzCHzifP/gZjsM=</latexit><latexit sha1_base64="QiIs4Kak8VYb4G7HY7jR0j8t3 /I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHjwUMHUQhvKZjtpl242YXcjltDf4MWDIl79Qd78N27bHLT1w cDjvRlm5oWp4Nq47rdTWlldW98ob1a2tnd296r7By2dZIqhzxKRqHZINQou0TfcCGynCmkcCnwIR9dT/+ERleaJvDfjFI OYDiSPOKPGSv5TL7+d9Ko1t+7OQJaJV5AaFGj2ql/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGfHTsiJ VfokSpQtachM/T2R01jrcRzazpiaoV70puJ/Xicz0WWQc5lmBiWbL4oyQUxCpp+TPlfIjBhbQpni9lbChlRRZmw+FRuCt /jyMmmd1T237t2d1xpXRRxlOIJjOAUPLqABN9AEHxhweIZXeHOk8+K8Ox/z1pJTzBzCHzifP/gZjsM=</latexit><latexit sha1_base64="QiIs4Kak8VYb4G7HY7jR0j8t3 /I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHjwUMHUQhvKZjtpl242YXcjltDf4MWDIl79Qd78N27bHLT1w cDjvRlm5oWp4Nq47rdTWlldW98ob1a2tnd296r7By2dZIqhzxKRqHZINQou0TfcCGynCmkcCnwIR9dT/+ERleaJvDfjFI OYDiSPOKPGSv5TL7+d9Ko1t+7OQJaJV5AaFGj2ql/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGfHTsiJ VfokSpQtachM/T2R01jrcRzazpiaoV70puJ/Xicz0WWQc5lmBiWbL4oyQUxCpp+TPlfIjBhbQpni9lbChlRRZmw+FRuCt /jyMmmd1T237t2d1xpXRRxlOIJjOAUPLqABN9AEHxhweIZXeHOk8+K8Ox/z1pJTzBzCHzifP/gZjsM=</latexit><latexit sha1_base64="QiIs4Kak8VYb4G7HY7jR0j8t3 /I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHjwUMHUQhvKZjtpl242YXcjltDf4MWDIl79Qd78N27bHLT1w cDjvRlm5oWp4Nq47rdTWlldW98ob1a2tnd296r7By2dZIqhzxKRqHZINQou0TfcCGynCmkcCnwIR9dT/+ERleaJvDfjFI OYDiSPOKPGSv5TL7+d9Ko1t+7OQJaJV5AaFGj2ql/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGfHTsiJ VfokSpQtachM/T2R01jrcRzazpiaoV70puJ/Xicz0WWQc5lmBiWbL4oyQUxCpp+TPlfIjBhbQpni9lbChlRRZmw+FRuCt /jyMmmd1T237t2d1xpXRRxlOIJjOAUPLqABN9AEHxhweIZXeHOk8+K8Ox/z1pJTzBzCHzifP/gZjsM=</latexit>
h2
<latexit sha1_base64="vwYNaqTRJ/aQjUpdIR65zfpPz P8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUE9S8OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDg cd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5aKYJ+h EdSR5yRo2VHsaD2qBccavuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVI wljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr 5N2req5Ve/+qtK4yeMowhmcwyV4UIcG3EETWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8wfzkY2N</latexit><latexit sha1_base64="vwYNaqTRJ/aQjUpdIR65zfpPz P8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUE9S8OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDg cd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5aKYJ+h EdSR5yRo2VHsaD2qBccavuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVI wljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr 5N2req5Ve/+qtK4yeMowhmcwyV4UIcG3EETWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8wfzkY2N</latexit><latexit sha1_base64="vwYNaqTRJ/aQjUpdIR65zfpPz P8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUE9S8OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDg cd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5aKYJ+h EdSR5yRo2VHsaD2qBccavuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVI wljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr 5N2req5Ve/+qtK4yeMowhmcwyV4UIcG3EETWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8wfzkY2N</latexit><latexit sha1_base64="vwYNaqTRJ/aQjUpdIR65zfpPz P8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUE9S8OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDg cd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5aKYJ+h EdSR5yRo2VHsaD2qBccavuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVI wljZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr 5N2req5Ve/+qtK4yeMowhmcwyV4UIcG3EETWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8wfzkY2N</latexit>
h1
<latexit sha1_base64="Y4 66r7knS/abDh4muWzB9E+SHiQ=">AAAB6nicbVBNS8NAEJ3 Ur1q/qh69LBbBU0lE0JMUvHisaD+gDWWz3bRLN5uwOxFK6 E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkQKg6777ZTW1jc2 t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqN A8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPYwH3qBac+tuDr JKvILUoEBzUP3qD2OWRlwhk9SYnucm6GdUo2CSzyr91PCE sgkd8Z6likbc+Fl+6oycWWVIwljbUkhy9fdERiNjplFgOyO KY7PszcX/vF6K4bWfCZWkyBVbLApTSTAm87/JUGjOUE4toU wLeythY6opQ5tOxYbgLb+8StoXdc+te/eXtcZNEUcZTuAUz sGDK2jAHTShBQxG8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwD yDY2M</latexit><latexit sha1_base64="Y4 66r7knS/abDh4muWzB9E+SHiQ=">AAAB6nicbVBNS8NAEJ3 Ur1q/qh69LBbBU0lE0JMUvHisaD+gDWWz3bRLN5uwOxFK6 E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkQKg6777ZTW1jc2 t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqN A8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPYwH3qBac+tuDr JKvILUoEBzUP3qD2OWRlwhk9SYnucm6GdUo2CSzyr91PCE sgkd8Z6likbc+Fl+6oycWWVIwljbUkhy9fdERiNjplFgOyO KY7PszcX/vF6K4bWfCZWkyBVbLApTSTAm87/JUGjOUE4toU wLeythY6opQ5tOxYbgLb+8StoXdc+te/eXtcZNEUcZTuAUz sGDK2jAHTShBQxG8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwD yDY2M</latexit><latexit sha1_base64="Y4 66r7knS/abDh4muWzB9E+SHiQ=">AAAB6nicbVBNS8NAEJ3 Ur1q/qh69LBbBU0lE0JMUvHisaD+gDWWz3bRLN5uwOxFK6 E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkQKg6777ZTW1jc2 t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqN A8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPYwH3qBac+tuDr JKvILUoEBzUP3qD2OWRlwhk9SYnucm6GdUo2CSzyr91PCE sgkd8Z6likbc+Fl+6oycWWVIwljbUkhy9fdERiNjplFgOyO KY7PszcX/vF6K4bWfCZWkyBVbLApTSTAm87/JUGjOUE4toU wLeythY6opQ5tOxYbgLb+8StoXdc+te/eXtcZNEUcZTuAUz sGDK2jAHTShBQxG8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwD yDY2M</latexit><latexit sha1_base64="Y4 66r7knS/abDh4muWzB9E+SHiQ=">AAAB6nicbVBNS8NAEJ3 Ur1q/qh69LBbBU0lE0JMUvHisaD+gDWWz3bRLN5uwOxFK6 E/w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkQKg6777ZTW1jc2 t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqN A8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPYwH3qBac+tuDr JKvILUoEBzUP3qD2OWRlwhk9SYnucm6GdUo2CSzyr91PCE sgkd8Z6likbc+Fl+6oycWWVIwljbUkhy9fdERiNjplFgOyO KY7PszcX/vF6K4bWfCZWkyBVbLApTSTAm87/JUGjOUE4toU wLeythY6opQ5tOxYbgLb+8StoXdc+te/eXtcZNEUcZTuAUz sGDK2jAHTShBQxG8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwD yDY2M</latexit>
hL
<latexit sha1_base64="l1zP7XSpmRcA/U3ItZefTvXdF d4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiJUEbCwsIpoPSI6wt5lLluztHbt7QjjyE2wsFLH1F9n5b9wkV2jig 4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYTKs1j+WgmCf oRHUoeckaNlR5G/bt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NQpObPK gISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsbzLgCpkRE0soU9zeStiIKsqMTadkQ/CWX 14lrYuq51a9+8tK/TqPowgncArn4EEN6nALDWgCgyE8wyu8OcJ5cd6dj0VrwclnjuEPnM8fGwiNpw==</latexit><latexit sha1_base64="l1zP7XSpmRcA/U3ItZefTvXdF d4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiJUEbCwsIpoPSI6wt5lLluztHbt7QjjyE2wsFLH1F9n5b9wkV2jig 4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYTKs1j+WgmCf oRHUoeckaNlR5G/bt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NQpObPK gISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsbzLgCpkRE0soU9zeStiIKsqMTadkQ/CWX 14lrYuq51a9+8tK/TqPowgncArn4EEN6nALDWgCgyE8wyu8OcJ5cd6dj0VrwclnjuEPnM8fGwiNpw==</latexit><latexit sha1_base64="l1zP7XSpmRcA/U3ItZefTvXdF d4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiJUEbCwsIpoPSI6wt5lLluztHbt7QjjyE2wsFLH1F9n5b9wkV2jig 4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYTKs1j+WgmCf oRHUoeckaNlR5G/bt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NQpObPK gISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsbzLgCpkRE0soU9zeStiIKsqMTadkQ/CWX 14lrYuq51a9+8tK/TqPowgncArn4EEN6nALDWgCgyE8wyu8OcJ5cd6dj0VrwclnjuEPnM8fGwiNpw==</latexit><latexit sha1_base64="l1zP7XSpmRcA/U3ItZefTvXdF d4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiJUEbCwsIpoPSI6wt5lLluztHbt7QjjyE2wsFLH1F9n5b9wkV2jig 4HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYTKs1j+WgmCf oRHUoeckaNlR5G/bt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NQpObPK gISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsbzLgCpkRE0soU9zeStiIKsqMTadkQ/CWX 14lrYuq51a9+8tK/TqPowgncArn4EEN6nALDWgCgyE8wyu8OcJ5cd6dj0VrwclnjuEPnM8fGwiNpw==</latexit>
h3
<latexit sha1_base64="bc24WBIY7AZE7p1XYOdk6GSPB iU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBw OO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/Y gOJQ85o8ZKD6P+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVA wljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr 5LWRdVzq959rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/1FY2O</latexit><latexit sha1_base64="bc24WBIY7AZE7p1XYOdk6GSPB iU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBw OO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/Y gOJQ85o8ZKD6P+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVA wljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr 5LWRdVzq959rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/1FY2O</latexit><latexit sha1_base64="bc24WBIY7AZE7p1XYOdk6GSPB iU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBw OO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/Y gOJQ85o8ZKD6P+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVA wljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr 5LWRdVzq959rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/1FY2O</latexit><latexit sha1_base64="bc24WBIY7AZE7p1XYOdk6GSPB iU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBw OO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/Y gOJQ85o8ZKD6P+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVA wljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr 5LWRdVzq959rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/1FY2O</latexit>
x3
<latexit sha1_base64="B8//XIOCdFm90kgaZdQvVumXW JI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0JMUvHisaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4 PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7k d0oEQoGEUr3T/1znvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0 SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL 5PmWdVzq97dRaV2ncdRhCM4hlPw4BJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8NhI2e</latexit><latexit sha1_base64="B8//XIOCdFm90kgaZdQvVumXW JI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0JMUvHisaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4 PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7k d0oEQoGEUr3T/1znvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0 SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL 5PmWdVzq97dRaV2ncdRhCM4hlPw4BJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8NhI2e</latexit><latexit sha1_base64="B8//XIOCdFm90kgaZdQvVumXW JI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0JMUvHisaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4 PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7k d0oEQoGEUr3T/1znvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0 SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL 5PmWdVzq97dRaV2ncdRhCM4hlPw4BJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8NhI2e</latexit><latexit sha1_base64="B8//XIOCdFm90kgaZdQvVumXW JI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0JMUvHisaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4 PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7k d0oEQoGEUr3T/1znvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0 SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL 5PmWdVzq97dRaV2ncdRhCM4hlPw4BJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8NhI2e</latexit>
y
<latexit sha1_base64="hfEYK7tRc9m1gn6EpPGCucXoI IU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIepKCF48t2A9oQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4Ye Lw3w8y8IBFcG9f9dtbWNza3tks75d29/YPDytFxW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu5nfeUKleSwfTJagH9 GR5CFn1FipmQ0qVbfmzkFWiVeQKhRoDCpf/WHM0gilYYJq3fPcxPg5VYYzgdNyP9WYUDahI+xZKmmE2s/nh07JuVWGJIyV LWnIXP09kdNI6ywKbGdEzVgvezPxP6+XmvDGz7lMUoOSLRaFqSAmJrOvyZArZEZkllCmuL2VsDFVlBmbTdmG4C2/vEral zXPrXnNq2r9toijBKdwBhfgwTXU4R4a0AIGCM/wCm/Oo/PivDsfi9Y1p5g5gT9wPn8A5omM+Q==</latexit><latexit sha1_base64="hfEYK7tRc9m1gn6EpPGCucXoI IU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIepKCF48t2A9oQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4Ye Lw3w8y8IBFcG9f9dtbWNza3tks75d29/YPDytFxW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu5nfeUKleSwfTJagH9 GR5CFn1FipmQ0qVbfmzkFWiVeQKhRoDCpf/WHM0gilYYJq3fPcxPg5VYYzgdNyP9WYUDahI+xZKmmE2s/nh07JuVWGJIyV LWnIXP09kdNI6ywKbGdEzVgvezPxP6+XmvDGz7lMUoOSLRaFqSAmJrOvyZArZEZkllCmuL2VsDFVlBmbTdmG4C2/vEral zXPrXnNq2r9toijBKdwBhfgwTXU4R4a0AIGCM/wCm/Oo/PivDsfi9Y1p5g5gT9wPn8A5omM+Q==</latexit><latexit sha1_base64="hfEYK7tRc9m1gn6EpPGCucXoI IU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIepKCF48t2A9oQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4Ye Lw3w8y8IBFcG9f9dtbWNza3tks75d29/YPDytFxW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu5nfeUKleSwfTJagH9 GR5CFn1FipmQ0qVbfmzkFWiVeQKhRoDCpf/WHM0gilYYJq3fPcxPg5VYYzgdNyP9WYUDahI+xZKmmE2s/nh07JuVWGJIyV LWnIXP09kdNI6ywKbGdEzVgvezPxP6+XmvDGz7lMUoOSLRaFqSAmJrOvyZArZEZkllCmuL2VsDFVlBmbTdmG4C2/vEral zXPrXnNq2r9toijBKdwBhfgwTXU4R4a0AIGCM/wCm/Oo/PivDsfi9Y1p5g5gT9wPn8A5omM+Q==</latexit><latexit sha1_base64="hfEYK7tRc9m1gn6EpPGCucXoI IU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIepKCF48t2A9oQ9lsJ+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4Ye Lw3w8y8IBFcG9f9dtbWNza3tks75d29/YPDytFxW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu5nfeUKleSwfTJagH9 GR5CFn1FipmQ0qVbfmzkFWiVeQKhRoDCpf/WHM0gilYYJq3fPcxPg5VYYzgdNyP9WYUDahI+xZKmmE2s/nh07JuVWGJIyV LWnIXP09kdNI6ywKbGdEzVgvezPxP6+XmvDGz7lMUoOSLRaFqSAmJrOvyZArZEZkllCmuL2VsDFVlBmbTdmG4C2/vEral zXPrXnNq2r9toijBKdwBhfgwTXU4R4a0AIGCM/wCm/Oo/PivDsfi9Y1p5g5gT9wPn8A5omM+Q==</latexit>
p1
<latexit sha1_base64="1/HdBJ 7tomdbzoRvXHw2dZ3E95c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBb BU0lE0JMUvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2v pg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrb kA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh2T gDao1t+7mIKvEK0gNCjQH1a/+MGZphNIwQbXueW5i/Iwqw5nAWaWfak wom9AR9iyVNELtZ/mpM3JmlSEJY2VLGpKrvycyGmk9jQLbGVEz1sveX PzP66UmvPYzLpPUoGSLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2n YkPwll9eJe2LuufWvfvLWuOmiKMMJ3AK5+DBFTTgDprQAgYjeIZXeHO E8+K8Ox+L1pJTzBzDHzifP/49jZQ=</latexit><latexit sha1_base64="1/HdBJ 7tomdbzoRvXHw2dZ3E95c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBb BU0lE0JMUvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2v pg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrb kA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh2T gDao1t+7mIKvEK0gNCjQH1a/+MGZphNIwQbXueW5i/Iwqw5nAWaWfak wom9AR9iyVNELtZ/mpM3JmlSEJY2VLGpKrvycyGmk9jQLbGVEz1sveX PzP66UmvPYzLpPUoGSLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2n YkPwll9eJe2LuufWvfvLWuOmiKMMJ3AK5+DBFTTgDprQAgYjeIZXeHO E8+K8Ox+L1pJTzBzDHzifP/49jZQ=</latexit><latexit sha1_base64="1/HdBJ 7tomdbzoRvXHw2dZ3E95c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBb BU0lE0JMUvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2v pg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrb kA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh2T gDao1t+7mIKvEK0gNCjQH1a/+MGZphNIwQbXueW5i/Iwqw5nAWaWfak wom9AR9iyVNELtZ/mpM3JmlSEJY2VLGpKrvycyGmk9jQLbGVEz1sveX PzP66UmvPYzLpPUoGSLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2n YkPwll9eJe2LuufWvfvLWuOmiKMMJ3AK5+DBFTTgDprQAgYjeIZXeHO E8+K8Ox+L1pJTzBzDHzifP/49jZQ=</latexit><latexit sha1_base64="1/HdBJ 7tomdbzoRvXHw2dZ3E95c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBb BU0lE0JMUvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt2kO2v pg4PHeDDPzgkRwbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TxbDFYhGrb kA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh2T gDao1t+7mIKvEK0gNCjQH1a/+MGZphNIwQbXueW5i/Iwqw5nAWaWfak wom9AR9iyVNELtZ/mpM3JmlSEJY2VLGpKrvycyGmk9jQLbGVEz1sveX PzP66UmvPYzLpPUoGSLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2n YkPwll9eJe2LuufWvfvLWuOmiKMMJ3AK5+DBFTTgDprQAgYjeIZXeHO E8+K8Ox+L1pJTzBzDHzifP/49jZQ=</latexit>
p2
<latexit sha1_base64="6zLhi1ZJdegTaUPsl06bFhqg9dI=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUE9S8OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1 vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5aKYJ+hEdSR5yRo2VHpJBbVCuuFV3AbJOvJxUIEdzUP7qD 2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCa/9jMskNSjZclGYCm JiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7VvXcqnd/VWnc5HEU4QzO4RI8qEMD7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QP /wY2V</latexit><latexit sha1_base64="6zLhi1ZJdegTaUPsl06bFhqg9dI=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUE9S8OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1 vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5aKYJ+hEdSR5yRo2VHpJBbVCuuFV3AbJOvJxUIEdzUP7qD 2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCa/9jMskNSjZclGYCm JiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7VvXcqnd/VWnc5HEU4QzO4RI8qEMD7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QP /wY2V</latexit><latexit sha1_base64="6zLhi1ZJdegTaUPsl06bFhqg9dI=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUE9S8OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1 vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5aKYJ+hEdSR5yRo2VHpJBbVCuuFV3AbJOvJxUIEdzUP7qD 2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCa/9jMskNSjZclGYCm JiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7VvXcqnd/VWnc5HEU4QzO4RI8qEMD7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QP /wY2V</latexit><latexit sha1_base64="6zLhi1ZJdegTaUPsl06bFhqg9dI=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUE9S8OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1 vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5aKYJ+hEdSR5yRo2VHpJBbVCuuFV3AbJOvJxUIEdzUP7qD 2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4dUYurDIkYaxsSUMW6u+JjEZaT6PAdkbUjPWqNxf/83qpCa/9jMskNSjZclGYCm JiMv+bDLlCZsTUEsoUt7cSNqaKMmPTKdkQvNWX10m7VvXcqnd/VWnc5HEU4QzO4RI8qEMD7qAJLWAwgmd4hTdHOC/Ou/OxbC04+cwp/IHz+QP /wY2V</latexit>
p3
<latexit sha1_base64="qauptyFbl747YxWPH+Tj7SZHTVk=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oCcpePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9s bhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWekj6l/1yxa26c5BV4uWkAjka/fJXb xCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKg nGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve++Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wc BVI2W</latexit><latexit sha1_base64="qauptyFbl747YxWPH+Tj7SZHTVk=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oCcpePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9s bhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWekj6l/1yxa26c5BV4uWkAjka/fJXb xCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKg nGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve++Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wc BVI2W</latexit><latexit sha1_base64="qauptyFbl747YxWPH+Tj7SZHTVk=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oCcpePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9s bhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWekj6l/1yxa26c5BV4uWkAjka/fJXb xCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKg nGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve++Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wc BVI2W</latexit><latexit sha1_base64="qauptyFbl747YxWPH+Tj7SZHTVk=">AAA B6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oCcpePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9s bhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWekj6l/1yxa26c5BV4uWkAjka/fJXb xCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/mp07JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKg nGZPY3GQjNGcqJJZRpYW8lbEQ1ZWjTKdkQvOWXV0nrouq5Ve++Vqnf5HEU4QRO4Rw8uII63EEDmsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wc BVI2W</latexit>
pL
<latexit sha1_base64="M32WEgcqAHC+O15bIuXIfX0c/lI=">AA AB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiJUEbCwsIpoPSI6wt9lLluztHbtzQjjyE2wsFLH1F9n5b9wkV2jig4HHezPMzAsSKQy67rdTW Fvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfhm5refuDYiVo84Sbgf0aESoWAUrfSQ9O/65Ypbdecgq8TLSQVy NPrlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzU+dkjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J45WdCJS lyxRaLwlQSjMnsbzIQmjOUE0so08LeStiIasrQplOyIXjLL6+S1kXVc6ve/WWlfp3HUYQTOIVz8KAGdbiFBjSBwRCe4RXeHOm8OO/Ox6K14 OQzx/AHzucPJziNrw==</latexit><latexit sha1_base64="M32WEgcqAHC+O15bIuXIfX0c/lI=">AA AB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiJUEbCwsIpoPSI6wt9lLluztHbtzQjjyE2wsFLH1F9n5b9wkV2jig4HHezPMzAsSKQy67rdTW Fvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfhm5refuDYiVo84Sbgf0aESoWAUrfSQ9O/65Ypbdecgq8TLSQVy NPrlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzU+dkjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J45WdCJS lyxRaLwlQSjMnsbzIQmjOUE0so08LeStiIasrQplOyIXjLL6+S1kXVc6ve/WWlfp3HUYQTOIVz8KAGdbiFBjSBwRCe4RXeHOm8OO/Ox6K14 OQzx/AHzucPJziNrw==</latexit><latexit sha1_base64="M32WEgcqAHC+O15bIuXIfX0c/lI=">AA AB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiJUEbCwsIpoPSI6wt9lLluztHbtzQjjyE2wsFLH1F9n5b9wkV2jig4HHezPMzAsSKQy67rdTW Fvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfhm5refuDYiVo84Sbgf0aESoWAUrfSQ9O/65Ypbdecgq8TLSQVy NPrlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzU+dkjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J45WdCJS lyxRaLwlQSjMnsbzIQmjOUE0so08LeStiIasrQplOyIXjLL6+S1kXVc6ve/WWlfp3HUYQTOIVz8KAGdbiFBjSBwRCe4RXeHOm8OO/Ox6K14 OQzx/AHzucPJziNrw==</latexit><latexit sha1_base64="M32WEgcqAHC+O15bIuXIfX0c/lI=">AA AB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiJUEbCwsIpoPSI6wt9lLluztHbtzQjjyE2wsFLH1F9n5b9wkV2jig4HHezPMzAsSKQy67rdTW Fvf2Nwqbpd2dvf2D8qHRy0Tp5rxJotlrDsBNVwKxZsoUPJOojmNAsnbwfhm5refuDYiVo84Sbgf0aESoWAUrfSQ9O/65Ypbdecgq8TLSQVy NPrlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzU+dkjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J45WdCJS lyxRaLwlQSjMnsbzIQmjOUE0so08LeStiIasrQplOyIXjLL6+S1kXVc6ve/WWlfp3HUYQTOIVz8KAGdbiFBjSBwRCe4RXeHOm8OO/Ox6K14 OQzx/AHzucPJziNrw==</latexit>
z1
<latexit sha1_base64="/b ZSvA5m+Ud+B9zmQXnMxdJ0UzY=">AAAB6nicbVBNS8NAEJ3 Ur1q/qh69LBbBU0lEqCcpePFY0X5AG8pmO2mXbjZhdyPU0 J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y 3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFE gsB2Mb2Z++xGV5rF8MJME/YgOJQ85o8ZK9099r1+uuFV3Dr JKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaE sjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkb UjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEs oUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/uslK/zuMowgmcw jl4UIM63EIDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wc NiI2e</latexit><latexit sha1_base64="/b ZSvA5m+Ud+B9zmQXnMxdJ0UzY=">AAAB6nicbVBNS8NAEJ3 Ur1q/qh69LBbBU0lEqCcpePFY0X5AG8pmO2mXbjZhdyPU0 J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y 3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFE gsB2Mb2Z++xGV5rF8MJME/YgOJQ85o8ZK9099r1+uuFV3Dr JKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaE sjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkb UjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEs oUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/uslK/zuMowgmcw jl4UIM63EIDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wc NiI2e</latexit><latexit sha1_base64="/b ZSvA5m+Ud+B9zmQXnMxdJ0UzY=">AAAB6nicbVBNS8NAEJ3 Ur1q/qh69LBbBU0lEqCcpePFY0X5AG8pmO2mXbjZhdyPU0 J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y 3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFE gsB2Mb2Z++xGV5rF8MJME/YgOJQ85o8ZK9099r1+uuFV3Dr JKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaE sjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkb UjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEs oUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/uslK/zuMowgmcw jl4UIM63EIDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wc NiI2e</latexit><latexit sha1_base64="/b ZSvA5m+Ud+B9zmQXnMxdJ0UzY=">AAAB6nicbVBNS8NAEJ3 Ur1q/qh69LBbBU0lEqCcpePFY0X5AG8pmO2mXbjZhdyPU0 J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y 3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFE gsB2Mb2Z++xGV5rF8MJME/YgOJQ85o8ZK9099r1+uuFV3Dr JKvJxUIEejX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaE sjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkb UjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEs oUt7cSNqKKMmPTKdkQvOWXV0nrouq5Ve/uslK/zuMowgmcw jl4UIM63EIDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wc NiI2e</latexit>
z2
<latexit sha1_base64="2DStBjfN7DYt1tHNMXQ2Vxe/n zA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoCcpePFY0X5AG8pmO2mXbjZhdyPU0J/gxYMiXv1F3vw3btsctPXBw OO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++xGV5rF8MJME/Y gOJQ85o8ZK90/9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVA wljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr 5JWreq5Ve/uolK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8PDI2f</latexit><latexit sha1_base64="2DStBjfN7DYt1tHNMXQ2Vxe/n zA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoCcpePFY0X5AG8pmO2mXbjZhdyPU0J/gxYMiXv1F3vw3btsctPXBw OO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++xGV5rF8MJME/Y gOJQ85o8ZK90/9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVA wljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr 5JWreq5Ve/uolK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8PDI2f</latexit><latexit sha1_base64="2DStBjfN7DYt1tHNMXQ2Vxe/n zA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoCcpePFY0X5AG8pmO2mXbjZhdyPU0J/gxYMiXv1F3vw3btsctPXBw OO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++xGV5rF8MJME/Y gOJQ85o8ZK90/9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVA wljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr 5JWreq5Ve/uolK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8PDI2f</latexit><latexit sha1_base64="2DStBjfN7DYt1tHNMXQ2Vxe/n zA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoCcpePFY0X5AG8pmO2mXbjZhdyPU0J/gxYMiXv1F3vw3btsctPXBw OO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z++xGV5rF8MJME/Y gOJQ85o8ZK90/9Wr9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVA wljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr 5JWreq5Ve/uolK/zuMowgmcwjl4cAl1uIUGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8PDI2f</latexit>
zL
<latexit sha1_base64="8+uGVSx/HN25hwIFSB8rZnAui PA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCNhYWEc0HJEfY2+wlS/b2jt05IR75CTYWitj6i+z8N26SKzTxw cDjvRlm5gWJFAZd99sprKyurW8UN0tb2zu7e+X9g6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQ99VuPXBsRqwccJ9 yP6ECJUDCKVrp/6t32yhW36s5AlomXkwrkqPfKX91+zNKIK2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesVTRiBs/m506ISdW 6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfSm4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadkQ/AWX 14mzbOq51a9u/NK7SqPowhHcAyn4MEF1OAG6tAABgN4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/NnSNuQ==</latexit><latexit sha1_base64="8+uGVSx/HN25hwIFSB8rZnAui PA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCNhYWEc0HJEfY2+wlS/b2jt05IR75CTYWitj6i+z8N26SKzTxw cDjvRlm5gWJFAZd99sprKyurW8UN0tb2zu7e+X9g6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQ99VuPXBsRqwccJ9 yP6ECJUDCKVrp/6t32yhW36s5AlomXkwrkqPfKX91+zNKIK2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesVTRiBs/m506ISdW 6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfSm4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadkQ/AWX 14mzbOq51a9u/NK7SqPowhHcAyn4MEF1OAG6tAABgN4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/NnSNuQ==</latexit><latexit sha1_base64="8+uGVSx/HN25hwIFSB8rZnAui PA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCNhYWEc0HJEfY2+wlS/b2jt05IR75CTYWitj6i+z8N26SKzTxw cDjvRlm5gWJFAZd99sprKyurW8UN0tb2zu7e+X9g6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQ99VuPXBsRqwccJ9 yP6ECJUDCKVrp/6t32yhW36s5AlomXkwrkqPfKX91+zNKIK2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesVTRiBs/m506ISdW 6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfSm4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadkQ/AWX 14mzbOq51a9u/NK7SqPowhHcAyn4MEF1OAG6tAABgN4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/NnSNuQ==</latexit><latexit sha1_base64="8+uGVSx/HN25hwIFSB8rZnAui PA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCNhYWEc0HJEfY2+wlS/b2jt05IR75CTYWitj6i+z8N26SKzTxw cDjvRlm5gWJFAZd99sprKyurW8UN0tb2zu7e+X9g6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQ99VuPXBsRqwccJ9 yP6ECJUDCKVrp/6t32yhW36s5AlomXkwrkqPfKX91+zNKIK2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesVTRiBs/m506ISdW 6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfSm4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadkQ/AWX 14mzbOq51a9u/NK7SqPowhHcAyn4MEF1OAG6tAABgN4hld4c6Tz4rw7H/PWgpPPHMIfOJ8/NnSNuQ==</latexit>
z3
<latexit sha1_base64="fB2vCXMIJVUKC6P7J4hgUFZkm yQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0JMUvHisaD+gDWWz3bRLN5uwOxFq6E/w4kERr/4ib/4bt20O2vpg4 PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7k d0oEQoGEUr3T/1znvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0 SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL 5PmWdVzq97dRaV2ncdRhCM4hlPw4BJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8QkI2g</latexit><latexit sha1_base64="fB2vCXMIJVUKC6P7J4hgUFZkm yQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0JMUvHisaD+gDWWz3bRLN5uwOxFq6E/w4kERr/4ib/4bt20O2vpg4 PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7k d0oEQoGEUr3T/1znvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0 SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL 5PmWdVzq97dRaV2ncdRhCM4hlPw4BJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8QkI2g</latexit><latexit sha1_base64="fB2vCXMIJVUKC6P7J4hgUFZkm yQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0JMUvHisaD+gDWWz3bRLN5uwOxFq6E/w4kERr/4ib/4bt20O2vpg4 PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7k d0oEQoGEUr3T/1znvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0 SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL 5PmWdVzq97dRaV2ncdRhCM4hlPw4BJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8QkI2g</latexit><latexit sha1_base64="fB2vCXMIJVUKC6P7J4hgUFZkm yQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0JMUvHisaD+gDWWz3bRLN5uwOxFq6E/w4kERr/4ib/4bt20O2vpg4 PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7k d0oEQoGEUr3T/1znvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0 SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL 5PmWdVzq97dRaV2ncdRhCM4hlPw4BJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8QkI2g</latexit>
Generator
z1x1
<latexit sha1_base64="s1 f+MCNnv+tE9lwKi9cGXzGoS1k=">AAAB7XicbVBNSwMxEJ2 tX7V+VT16CRbBU9mIoCcpePFYwX5AW5Zsmm1js8mSZMW69 D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sb7/7RVWVtfW N4qbpa3tnd298v5B06hUU9agSijdDolhgkvWsNwK1k40I3E oWCscXU/91gPThit5Z8cJ68VkIHnEKbFOaj4F+DHAQbniV/ 0Z0DLBOalAjnpQ/ur2FU1jJi0VxJgO9hPby4i2nAo2KXVT wxJCR2TAOo5KEjPTy2bXTtCJU/ooUtqVtGim/p7ISGzMOA5 dZ0zs0Cx6U/E/r5Pa6LKXcZmklkk6XxSlAlmFpq+jPteMWj F2hFDN3a2IDokm1LqASi4EvPjyMmmeVbFfxbfnldpVHkcRj uAYTgHDBdTgBurQAAr38Ayv8OYp78V79z7mrQUvnzmEP/A +fwAQ8Y7E</latexit><latexit sha1_base64="s1 f+MCNnv+tE9lwKi9cGXzGoS1k=">AAAB7XicbVBNSwMxEJ2 tX7V+VT16CRbBU9mIoCcpePFYwX5AW5Zsmm1js8mSZMW69 D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sb7/7RVWVtfW N4qbpa3tnd298v5B06hUU9agSijdDolhgkvWsNwK1k40I3E oWCscXU/91gPThit5Z8cJ68VkIHnEKbFOaj4F+DHAQbniV/ 0Z0DLBOalAjnpQ/ur2FU1jJi0VxJgO9hPby4i2nAo2KXVT wxJCR2TAOo5KEjPTy2bXTtCJU/ooUtqVtGim/p7ISGzMOA5 dZ0zs0Cx6U/E/r5Pa6LKXcZmklkk6XxSlAlmFpq+jPteMWj F2hFDN3a2IDokm1LqASi4EvPjyMmmeVbFfxbfnldpVHkcRj uAYTgHDBdTgBurQAAr38Ayv8OYp78V79z7mrQUvnzmEP/A +fwAQ8Y7E</latexit><latexit sha1_base64="s1 f+MCNnv+tE9lwKi9cGXzGoS1k=">AAAB7XicbVBNSwMxEJ2 tX7V+VT16CRbBU9mIoCcpePFYwX5AW5Zsmm1js8mSZMW69 D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sb7/7RVWVtfW N4qbpa3tnd298v5B06hUU9agSijdDolhgkvWsNwK1k40I3E oWCscXU/91gPThit5Z8cJ68VkIHnEKbFOaj4F+DHAQbniV/ 0Z0DLBOalAjnpQ/ur2FU1jJi0VxJgO9hPby4i2nAo2KXVT wxJCR2TAOo5KEjPTy2bXTtCJU/ooUtqVtGim/p7ISGzMOA5 dZ0zs0Cx6U/E/r5Pa6LKXcZmklkk6XxSlAlmFpq+jPteMWj F2hFDN3a2IDokm1LqASi4EvPjyMmmeVbFfxbfnldpVHkcRj uAYTgHDBdTgBurQAAr38Ayv8OYp78V79z7mrQUvnzmEP/A +fwAQ8Y7E</latexit><latexit sha1_base64="s1 f+MCNnv+tE9lwKi9cGXzGoS1k=">AAAB7XicbVBNSwMxEJ2 tX7V+VT16CRbBU9mIoCcpePFYwX5AW5Zsmm1js8mSZMW69 D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YSK4sb7/7RVWVtfW N4qbpa3tnd298v5B06hUU9agSijdDolhgkvWsNwK1k40I3E oWCscXU/91gPThit5Z8cJ68VkIHnEKbFOaj4F+DHAQbniV/ 0Z0DLBOalAjnpQ/ur2FU1jJi0VxJgO9hPby4i2nAo2KXVT wxJCR2TAOo5KEjPTy2bXTtCJU/ooUtqVtGim/p7ISGzMOA5 dZ0zs0Cx6U/E/r5Pa6LKXcZmklkk6XxSlAlmFpq+jPteMWj F2hFDN3a2IDokm1LqASi4EvPjyMmmeVbFfxbfnldpVHkcRj uAYTgHDBdTgBurQAAr38Ayv8OYp78V79z7mrQUvnzmEP/A +fwAQ8Y7E</latexit>
z2x2
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1D Convolution + max pooling
Multilayer perceptron
Classifier
Figure 8: Rationalization model (Lei et al., 2016).
Arrow line denotes deterministic computations,
while diamond line denotes stochastic sampling.
Figure 9: Screenshot of the annotation tool
Task
#tokens
per review
#rationales
per review
#unique
tokens
#unique
rationales
Beer look 125.4 21.4 35,025 6,460
Beer aroma 126.3 17.6 35,088 5,611
Beer palate 133.5 13.0 36,786 3,885
Hotel location 157.1 13.4 42,717 4,174
Hotel cleanliness 149.4 13.2 42,045 4,758
Hotel service 154.5 17.5 42,989 6,110
Table 7: Statistics of the annotated rationales.
layer (50 units and ReLU activation).
A2 Collecting human rationales
We collected human rationales on six sentiment
classification tasks: beer look, beer aroma, beer
palate, hotel location, hotel cleanliness and ho-
tel service. For each task, we randomly picked
100 positive examples and 100 negative examples.
These 200 labeled examples are given to the an-
notators (five students) to highlight rationales that
are short and coherent, yet sufficient for support-
ing the label (Lei et al., 2016). The annotators can
also flip the original label if it is incorrect. Fig-
ure 9 shows our annotation interface, and Table 7
presents the statistics of the collected rationales.
A3 Deriving the oracle attention
Figure 10 illustrates the model architecture that
we used to derive the oracle attention. It has the
same architecture as the source classifier in our
R2A model (Section 3.1). Specifically, we use
pre-trained fastText embeddings. The encoder is
a bi-LSTM with 200 hidden units. The attention
head q is a vector of dimension 50. For the predic-
tion module pred, we use a MLP with one hidden
Beer Hotel
Look Aroma Palate Location Cleanliness Service
#training data 32,276 28,984 25,748 14,472 150,098 101,484
#testing data 4,014 4,212 3,804 1,808 12,684 18,762
Testing accuracy 87.17 86.35 82.02 92.20 94.62 95.17
Table 8: Data used to derive the oracle attention. The accuracy is evaluated on the testing data shown in
Table 1 and 2.
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<latexit sha1_base64="QiIs4Kak8VYb4G7HY7jR0j8t3/ I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHjwUMHUQhvKZjtpl242YXcjltDf4MWDIl79Qd78N27bHLT1wc DjvRlm5oWp4Nq47rdTWlldW98ob1a2tnd296r7By2dZIqhzxKRqHZINQou0TfcCGynCmkcCnwIR9dT/+ERleaJvDfjFIOYD iSPOKPGSv5TL7+d9Ko1t+7OQJaJV5AaFGj2ql/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGfHTsiJVfo kSpQtachM/T2R01jrcRzazpiaoV70puJ/Xicz0WWQc5lmBiWbL4oyQUxCpp+TPlfIjBhbQpni9lbChlRRZmw+FRuCt/jyMm md1T237t2d1xpXRRxlOIJjOAUPLqABN9AEHxhweIZXeHOk8+K8Ox/z1pJTzBzCHzifP/gZjsM=</latexit><latexit sha1_base64="QiIs4Kak8VYb4G7HY7jR0j8t3/ I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHjwUMHUQhvKZjtpl242YXcjltDf4MWDIl79Qd78N27bHLT1wc DjvRlm5oWp4Nq47rdTWlldW98ob1a2tnd296r7By2dZIqhzxKRqHZINQou0TfcCGynCmkcCnwIR9dT/+ERleaJvDfjFIOYD iSPOKPGSv5TL7+d9Ko1t+7OQJaJV5AaFGj2ql/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGfHTsiJVfo kSpQtachM/T2R01jrcRzazpiaoV70puJ/Xicz0WWQc5lmBiWbL4oyQUxCpp+TPlfIjBhbQpni9lbChlRRZmw+FRuCt/jyMm md1T237t2d1xpXRRxlOIJjOAUPLqABN9AEHxhweIZXeHOk8+K8Ox/z1pJTzBzCHzifP/gZjsM=</latexit><latexit sha1_base64="QiIs4Kak8VYb4G7HY7jR0j8t3/ I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHjwUMHUQhvKZjtpl242YXcjltDf4MWDIl79Qd78N27bHLT1wc DjvRlm5oWp4Nq47rdTWlldW98ob1a2tnd296r7By2dZIqhzxKRqHZINQou0TfcCGynCmkcCnwIR9dT/+ERleaJvDfjFIOYD iSPOKPGSv5TL7+d9Ko1t+7OQJaJV5AaFGj2ql/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGfHTsiJVfo kSpQtachM/T2R01jrcRzazpiaoV70puJ/Xicz0WWQc5lmBiWbL4oyQUxCpp+TPlfIjBhbQpni9lbChlRRZmw+FRuCt/jyMm md1T237t2d1xpXRRxlOIJjOAUPLqABN9AEHxhweIZXeHOk8+K8Ox/z1pJTzBzCHzifP/gZjsM=</latexit><latexit sha1_base64="QiIs4Kak8VYb4G7HY7jR0j8t3/ I=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHjwUMHUQhvKZjtpl242YXcjltDf4MWDIl79Qd78N27bHLT1wc DjvRlm5oWp4Nq47rdTWlldW98ob1a2tnd296r7By2dZIqhzxKRqHZINQou0TfcCGynCmkcCnwIR9dT/+ERleaJvDfjFIOYD iSPOKPGSv5TL7+d9Ko1t+7OQJaJV5AaFGj2ql/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGfHTsiJVfo kSpQtachM/T2R01jrcRzazpiaoV70puJ/Xicz0WWQc5lmBiWbL4oyQUxCpp+TPlfIjBhbQpni9lbChlRRZmw+FRuCt/jyMm md1T237t2d1xpXRRxlOIJjOAUPLqABN9AEHxhweIZXeHOk8+K8Ox/z1pJTzBzCHzifP/gZjsM=</latexit>
h2
<latexit sha1_base64="vwYNaqTRJ/aQjUpdIR65zfpPzP 8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUE9S8OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgc d7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5aKYJ+hEdS R5yRo2VHsaD2qBccavuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwlj ZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2re q5Ve/+qtK4yeMowhmcwyV4UIcG3EETWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8wfzkY2N</latexit><latexit sha1_base64="vwYNaqTRJ/aQjUpdIR65zfpPzP 8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUE9S8OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgc d7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5aKYJ+hEdS R5yRo2VHsaD2qBccavuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwlj ZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2re q5Ve/+qtK4yeMowhmcwyV4UIcG3EETWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8wfzkY2N</latexit><latexit sha1_base64="vwYNaqTRJ/aQjUpdIR65zfpPzP 8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUE9S8OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgc d7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5aKYJ+hEdS R5yRo2VHsaD2qBccavuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwlj ZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2re q5Ve/+qtK4yeMowhmcwyV4UIcG3EETWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8wfzkY2N</latexit><latexit sha1_base64="vwYNaqTRJ/aQjUpdIR65zfpPzP 8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUE9S8OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgc d7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M79zhMqzWP5aKYJ+hEdS R5yRo2VHsaD2qBccavuAmSdeDmpQI7moPzVH8YsjVAaJqjWPc9NjJ9RZTgTOCv1U40JZRM6wp6lkkao/Wxx6oxcWGVIwlj ZkoYs1N8TGY20nkaB7YyoGetVby7+5/VSE177GZdJalCy5aIwFcTEZP43GXKFzIipJZQpbm8lbEwVZcamU7IheKsvr5N2re q5Ve/+qtK4yeMowhmcwyV4UIcG3EETWsBgBM/wCm+OcF6cd+dj2Vpw8plT+APn8wfzkY2N</latexit>
h1
<latexit sha1_base64="Y4 66r7knS/abDh4muWzB9E+SHiQ=">AAAB6nicbVBNS8NAEJ3 Ur1q/qh69LBbBU0lE0JMUvHisaD+gDWWz3bRLN5uwOxFK6E/ w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkQKg6777ZTW1jc2t8 rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8 k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPYwH3qBac+tuDrJK vILUoEBzUP3qD2OWRlwhk9SYnucm6GdUo2CSzyr91PCEsgkd 8Z6likbc+Fl+6oycWWVIwljbUkhy9fdERiNjplFgOyOKY7P szcX/vF6K4bWfCZWkyBVbLApTSTAm87/JUGjOUE4toUwLey thY6opQ5tOxYbgLb+8StoXdc+te/eXtcZNEUcZTuAUzsGDK 2jAHTShBQxG8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwDyDY2M< /latexit><latexit sha1_base64="Y4 66r7knS/abDh4muWzB9E+SHiQ=">AAAB6nicbVBNS8NAEJ3 Ur1q/qh69LBbBU0lE0JMUvHisaD+gDWWz3bRLN5uwOxFK6E/ w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkQKg6777ZTW1jc2t8 rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8 k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPYwH3qBac+tuDrJK vILUoEBzUP3qD2OWRlwhk9SYnucm6GdUo2CSzyr91PCEsgkd 8Z6likbc+Fl+6oycWWVIwljbUkhy9fdERiNjplFgOyOKY7P szcX/vF6K4bWfCZWkyBVbLApTSTAm87/JUGjOUE4toUwLey thY6opQ5tOxYbgLb+8StoXdc+te/eXtcZNEUcZTuAUzsGDK 2jAHTShBQxG8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwDyDY2M< /latexit><latexit sha1_base64="Y4 66r7knS/abDh4muWzB9E+SHiQ=">AAAB6nicbVBNS8NAEJ3 Ur1q/qh69LBbBU0lE0JMUvHisaD+gDWWz3bRLN5uwOxFK6E/ w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkQKg6777ZTW1jc2t8 rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8 k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPYwH3qBac+tuDrJK vILUoEBzUP3qD2OWRlwhk9SYnucm6GdUo2CSzyr91PCEsgkd 8Z6likbc+Fl+6oycWWVIwljbUkhy9fdERiNjplFgOyOKY7P szcX/vF6K4bWfCZWkyBVbLApTSTAm87/JUGjOUE4toUwLey thY6opQ5tOxYbgLb+8StoXdc+te/eXtcZNEUcZTuAUzsGDK 2jAHTShBQxG8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwDyDY2M< /latexit><latexit sha1_base64="Y4 66r7knS/abDh4muWzB9E+SHiQ=">AAAB6nicbVBNS8NAEJ3 Ur1q/qh69LBbBU0lE0JMUvHisaD+gDWWz3bRLN5uwOxFK6E/ w4kERr/4ib/4bt2kO2vpg4PHeDDPzgkQKg6777ZTW1jc2t8 rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8 k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPYwH3qBac+tuDrJK vILUoEBzUP3qD2OWRlwhk9SYnucm6GdUo2CSzyr91PCEsgkd 8Z6likbc+Fl+6oycWWVIwljbUkhy9fdERiNjplFgOyOKY7P szcX/vF6K4bWfCZWkyBVbLApTSTAm87/JUGjOUE4toUwLey thY6opQ5tOxYbgLb+8StoXdc+te/eXtcZNEUcZTuAUzsGDK 2jAHTShBQxG8Ayv8OZI58V5dz4WrSWnmDmGP3A+fwDyDY2M< /latexit>
hL
<latexit sha1_base64="l1zP7XSpmRcA/U3ItZefTvXdFd 4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiJUEbCwsIpoPSI6wt5lLluztHbt7QjjyE2wsFLH1F9n5b9wkV2jig4 HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYTKs1j+WgmCfoRH UoeckaNlR5G/bt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NQpObPKgIS xsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsbzLgCpkRE0soU9zeStiIKsqMTadkQ/CWX14lrY uq51a9+8tK/TqPowgncArn4EEN6nALDWgCgyE8wyu8OcJ5cd6dj0VrwclnjuEPnM8fGwiNpw==</latexit><latexit sha1_base64="l1zP7XSpmRcA/U3ItZefTvXdFd 4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiJUEbCwsIpoPSI6wt5lLluztHbt7QjjyE2wsFLH1F9n5b9wkV2jig4 HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYTKs1j+WgmCfoRH UoeckaNlR5G/bt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NQpObPKgIS xsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsbzLgCpkRE0soU9zeStiIKsqMTadkQ/CWX14lrY uq51a9+8tK/TqPowgncArn4EEN6nALDWgCgyE8wyu8OcJ5cd6dj0VrwclnjuEPnM8fGwiNpw==</latexit><latexit sha1_base64="l1zP7XSpmRcA/U3ItZefTvXdFd 4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiJUEbCwsIpoPSI6wt5lLluztHbt7QjjyE2wsFLH1F9n5b9wkV2jig4 HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYTKs1j+WgmCfoRH UoeckaNlR5G/bt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NQpObPKgIS xsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsbzLgCpkRE0soU9zeStiIKsqMTadkQ/CWX14lrY uq51a9+8tK/TqPowgncArn4EEN6nALDWgCgyE8wyu8OcJ5cd6dj0VrwclnjuEPnM8fGwiNpw==</latexit><latexit sha1_base64="l1zP7XSpmRcA/U3ItZefTvXdFd 4=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiJUEbCwsIpoPSI6wt5lLluztHbt7QjjyE2wsFLH1F9n5b9wkV2jig4 HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/M/PYTKs1j+WgmCfoRH UoeckaNlR5G/bt+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NQpObPKgIS xsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88jMuk9SgZItFYSqIicnsbzLgCpkRE0soU9zeStiIKsqMTadkQ/CWX14lrY uq51a9+8tK/TqPowgncArn4EEN6nALDWgCgyE8wyu8OcJ5cd6dj0VrwclnjuEPnM8fGwiNpw==</latexit>
↵1
<latexit sha1_base64="vK KRgSGYZ8XYuDIUpPbyk2qyIhM=">AAAB73icbVBNS8NAEJ3 Ur1q/qh69LBbBU0lE0JMUvHisYD+gDWWy3bRLN5u4uxFK6J/ w4kERr/4db/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbp W3Kzu7e/sH1cOjto5TRVmLxiJW3QA1E1yyluFGsG6iGEaBY J1gcjv3O09MaR7LBzNNmB/hSPKQUzRW6vZRJGMceINqza27 Ocgq8QpSgwLNQfWrP4xpGjFpqECte56bGD9DZTgVbFbpp5ol SCc4Yj1LJUZM+1l+74ycWWVIwljZkobk6u+JDCOtp1FgOyM 0Y73szcX/vF5qwms/4zJJDZN0sShMBTExmT9PhlwxasTUEq SK21sJHaNCamxEFRuCt/zyKmlf1D237t1f1ho3RRxlOIFTO AcPrqABd9CEFlAQ8Ayv8OY8Oi/Ou/OxaC05xcwx/IHz+QOzn Y+4</latexit><latexit sha1_base64="vK KRgSGYZ8XYuDIUpPbyk2qyIhM=">AAAB73icbVBNS8NAEJ3 Ur1q/qh69LBbBU0lE0JMUvHisYD+gDWWy3bRLN5u4uxFK6J/ w4kERr/4db/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbp W3Kzu7e/sH1cOjto5TRVmLxiJW3QA1E1yyluFGsG6iGEaBY J1gcjv3O09MaR7LBzNNmB/hSPKQUzRW6vZRJGMceINqza27 Ocgq8QpSgwLNQfWrP4xpGjFpqECte56bGD9DZTgVbFbpp5ol SCc4Yj1LJUZM+1l+74ycWWVIwljZkobk6u+JDCOtp1FgOyM 0Y73szcX/vF5qwms/4zJJDZN0sShMBTExmT9PhlwxasTUEq SK21sJHaNCamxEFRuCt/zyKmlf1D237t1f1ho3RRxlOIFTO AcPrqABd9CEFlAQ8Ayv8OY8Oi/Ou/OxaC05xcwx/IHz+QOzn Y+4</latexit><latexit sha1_base64="vK KRgSGYZ8XYuDIUpPbyk2qyIhM=">AAAB73icbVBNS8NAEJ3 Ur1q/qh69LBbBU0lE0JMUvHisYD+gDWWy3bRLN5u4uxFK6J/ w4kERr/4db/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbp W3Kzu7e/sH1cOjto5TRVmLxiJW3QA1E1yyluFGsG6iGEaBY J1gcjv3O09MaR7LBzNNmB/hSPKQUzRW6vZRJGMceINqza27 Ocgq8QpSgwLNQfWrP4xpGjFpqECte56bGD9DZTgVbFbpp5ol SCc4Yj1LJUZM+1l+74ycWWVIwljZkobk6u+JDCOtp1FgOyM 0Y73szcX/vF5qwms/4zJJDZN0sShMBTExmT9PhlwxasTUEq SK21sJHaNCamxEFRuCt/zyKmlf1D237t1f1ho3RRxlOIFTO AcPrqABd9CEFlAQ8Ayv8OY8Oi/Ou/OxaC05xcwx/IHz+QOzn Y+4</latexit><latexit sha1_base64="vK KRgSGYZ8XYuDIUpPbyk2qyIhM=">AAAB73icbVBNS8NAEJ3 Ur1q/qh69LBbBU0lE0JMUvHisYD+gDWWy3bRLN5u4uxFK6J/ w4kERr/4db/4bt2kO2vpg4PHeDDPzgkRwbVz32ymtrW9sbp W3Kzu7e/sH1cOjto5TRVmLxiJW3QA1E1yyluFGsG6iGEaBY J1gcjv3O09MaR7LBzNNmB/hSPKQUzRW6vZRJGMceINqza27 Ocgq8QpSgwLNQfWrP4xpGjFpqECte56bGD9DZTgVbFbpp5ol SCc4Yj1LJUZM+1l+74ycWWVIwljZkobk6u+JDCOtp1FgOyM 0Y73szcX/vF5qwms/4zJJDZN0sShMBTExmT9PhlwxasTUEq SK21sJHaNCamxEFRuCt/zyKmlf1D237t1f1ho3RRxlOIFTO AcPrqABd9CEFlAQ8Ayv8OY8Oi/Ou/OxaC05xcwx/IHz+QOzn Y+4</latexit>
↵2
<latexit sha1_base64="XsuClQyDAfI4jvADWyMdeIHYvl 8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoCcpePFYwX5AG8pku2mXbjbp7kYooX/CiwdFvPp3vPlv3LY5aOuDgc d7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFWVNGotYdQLUTHDJmoYbwTqJYhgFgrWD8d3cbz8xpXksH800YX6EQ 8lDTtFYqdNDkYywX+uXK27VXYCsEy8nFcjR6Je/eoOYphGThgrUuuu5ifEzVIZTwWalXqpZgnSMQ9a1VGLEtJ8t7p2RC6s MSBgrW9KQhfp7IsNI62kU2M4IzUivenPxP6+bmvDGz7hMUsMkXS4KU0FMTObPkwFXjBoxtQSp4vZWQkeokBobUcmG4K2+vE 5atarnVr2Hq0r9No+jCGdwDpfgwTXU4R4a0AQKAp7hFd6cifPivDsfy9aCk8+cwh84nz+1IY+5</latexit><latexit sha1_base64="XsuClQyDAfI4jvADWyMdeIHYvl 8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoCcpePFYwX5AG8pku2mXbjbp7kYooX/CiwdFvPp3vPlv3LY5aOuDgc d7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFWVNGotYdQLUTHDJmoYbwTqJYhgFgrWD8d3cbz8xpXksH800YX6EQ 8lDTtFYqdNDkYywX+uXK27VXYCsEy8nFcjR6Je/eoOYphGThgrUuuu5ifEzVIZTwWalXqpZgnSMQ9a1VGLEtJ8t7p2RC6s MSBgrW9KQhfp7IsNI62kU2M4IzUivenPxP6+bmvDGz7hMUsMkXS4KU0FMTObPkwFXjBoxtQSp4vZWQkeokBobUcmG4K2+vE 5atarnVr2Hq0r9No+jCGdwDpfgwTXU4R4a0AQKAp7hFd6cifPivDsfy9aCk8+cwh84nz+1IY+5</latexit><latexit sha1_base64="XsuClQyDAfI4jvADWyMdeIHYvl 8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoCcpePFYwX5AG8pku2mXbjbp7kYooX/CiwdFvPp3vPlv3LY5aOuDgc d7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFWVNGotYdQLUTHDJmoYbwTqJYhgFgrWD8d3cbz8xpXksH800YX6EQ 8lDTtFYqdNDkYywX+uXK27VXYCsEy8nFcjR6Je/eoOYphGThgrUuuu5ifEzVIZTwWalXqpZgnSMQ9a1VGLEtJ8t7p2RC6s MSBgrW9KQhfp7IsNI62kU2M4IzUivenPxP6+bmvDGz7hMUsMkXS4KU0FMTObPkwFXjBoxtQSp4vZWQkeokBobUcmG4K2+vE 5atarnVr2Hq0r9No+jCGdwDpfgwTXU4R4a0AQKAp7hFd6cifPivDsfy9aCk8+cwh84nz+1IY+5</latexit><latexit sha1_base64="XsuClQyDAfI4jvADWyMdeIHYvl 8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoCcpePFYwX5AG8pku2mXbjbp7kYooX/CiwdFvPp3vPlv3LY5aOuDgc d7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9PWjpOFWVNGotYdQLUTHDJmoYbwTqJYhgFgrWD8d3cbz8xpXksH800YX6EQ 8lDTtFYqdNDkYywX+uXK27VXYCsEy8nFcjR6Je/eoOYphGThgrUuuu5ifEzVIZTwWalXqpZgnSMQ9a1VGLEtJ8t7p2RC6s MSBgrW9KQhfp7IsNI62kU2M4IzUivenPxP6+bmvDGz7hMUsMkXS4KU0FMTObPkwFXjBoxtQSp4vZWQkeokBobUcmG4K2+vE 5atarnVr2Hq0r9No+jCGdwDpfgwTXU4R4a0AQKAp7hFd6cifPivDsfy9aCk8+cwh84nz+1IY+5</latexit>
↵L
<latexit sha1_base64="5KU5xI7wDSXPLtZO4nimog1OqZ c=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCNhYWEcwHJEeY2+wlS/b2Lrt7QjjyJ2wsFLH179j5b9wkV2jig4 HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj5o6ThVlDRqLWLUD1ExwyRqGG8HaiWIYBYK1gtHtzG89MaV5LB/NJGF+h APJQ07RWKndRZEMsXffK1fcqjsHWSVeTiqQo94rf3X7MU0jJg0VqHXHcxPjZ6gMp4JNS91UswTpCAesY6nEiGk/m987JWd W6ZMwVrakIXP190SGkdaTKLCdEZqhXvZm4n9eJzXhtZ9xmaSGSbpYFKaCmJjMnid9rhg1YmIJUsXtrYQOUSE1NqKSDcFbfn mVNC+qnlv1Hi4rtZs8jiKcwCmcgwdXUIM7qEMDKAh4hld4c8bOi/PufCxaC04+cwx/4Hz+ANyJj9M=</latexit><latexit sha1_base64="5KU5xI7wDSXPLtZO4nimog1OqZ c=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCNhYWEcwHJEeY2+wlS/b2Lrt7QjjyJ2wsFLH179j5b9wkV2jig4 HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj5o6ThVlDRqLWLUD1ExwyRqGG8HaiWIYBYK1gtHtzG89MaV5LB/NJGF+h APJQ07RWKndRZEMsXffK1fcqjsHWSVeTiqQo94rf3X7MU0jJg0VqHXHcxPjZ6gMp4JNS91UswTpCAesY6nEiGk/m987JWd W6ZMwVrakIXP190SGkdaTKLCdEZqhXvZm4n9eJzXhtZ9xmaSGSbpYFKaCmJjMnid9rhg1YmIJUsXtrYQOUSE1NqKSDcFbfn mVNC+qnlv1Hi4rtZs8jiKcwCmcgwdXUIM7qEMDKAh4hld4c8bOi/PufCxaC04+cwx/4Hz+ANyJj9M=</latexit><latexit sha1_base64="5KU5xI7wDSXPLtZO4nimog1OqZ c=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCNhYWEcwHJEeY2+wlS/b2Lrt7QjjyJ2wsFLH179j5b9wkV2jig4 HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj5o6ThVlDRqLWLUD1ExwyRqGG8HaiWIYBYK1gtHtzG89MaV5LB/NJGF+h APJQ07RWKndRZEMsXffK1fcqjsHWSVeTiqQo94rf3X7MU0jJg0VqHXHcxPjZ6gMp4JNS91UswTpCAesY6nEiGk/m987JWd W6ZMwVrakIXP190SGkdaTKLCdEZqhXvZm4n9eJzXhtZ9xmaSGSbpYFKaCmJjMnid9rhg1YmIJUsXtrYQOUSE1NqKSDcFbfn mVNC+qnlv1Hi4rtZs8jiKcwCmcgwdXUIM7qEMDKAh4hld4c8bOi/PufCxaC04+cwx/4Hz+ANyJj9M=</latexit><latexit sha1_base64="5KU5xI7wDSXPLtZO4nimog1OqZ c=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EoCNhYWEcwHJEeY2+wlS/b2Lrt7QjjyJ2wsFLH179j5b9wkV2jig4 HHezPMzAsSwbVx3W+nsLa+sblV3C7t7O7tH5QPj5o6ThVlDRqLWLUD1ExwyRqGG8HaiWIYBYK1gtHtzG89MaV5LB/NJGF+h APJQ07RWKndRZEMsXffK1fcqjsHWSVeTiqQo94rf3X7MU0jJg0VqHXHcxPjZ6gMp4JNS91UswTpCAesY6nEiGk/m987JWd W6ZMwVrakIXP190SGkdaTKLCdEZqhXvZm4n9eJzXhtZ9xmaSGSbpYFKaCmJjMnid9rhg1YmIJUsXtrYQOUSE1NqKSDcFbfn mVNC+qnlv1Hi4rtZs8jiKcwCmcgwdXUIM7qEMDKAh4hld4c8bOi/PufCxaC04+cwx/4Hz+ANyJj9M=</latexit>
q
<latexit sha1_base64="mvFRziDgL5UcxVlKDspq5jhWeMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHh swX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbue mxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj 0VrwclnjuEPnM8f2mmM8Q==</latexit><latexit sha1_base64="mvFRziDgL5UcxVlKDspq5jhWeMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHh swX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbue mxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj 0VrwclnjuEPnM8f2mmM8Q==</latexit><latexit sha1_base64="mvFRziDgL5UcxVlKDspq5jhWeMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHh swX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbue mxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj 0VrwclnjuEPnM8f2mmM8Q==</latexit><latexit sha1_base64="mvFRziDgL5UcxVlKDspq5jhWeMw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvHh swX5AG8pmO2nXbjZxdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rG8N5ME/YgOJQ85o8ZKjcd+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbue mxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU358F5cd6dj 0VrwclnjuEPnM8f2mmM8Q==</latexit>
h3
<latexit sha1_base64="bc24WBIY7AZE7p1XYOdk6GSPBi U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwO O9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJ Q85o8ZKD6P+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwlj ZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWRd Vzq959rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/1FY2O</latexit><latexit sha1_base64="bc24WBIY7AZE7p1XYOdk6GSPBi U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwO O9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJ Q85o8ZKD6P+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwlj ZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWRd Vzq959rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/1FY2O</latexit><latexit sha1_base64="bc24WBIY7AZE7p1XYOdk6GSPBi U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwO O9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJ Q85o8ZKD6P+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwlj ZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWRd Vzq959rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/1FY2O</latexit><latexit sha1_base64="bc24WBIY7AZE7p1XYOdk6GSPBi U=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oCcpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwO O9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJ Q85o8ZKD6P+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwlj ZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5LWRd Vzq959rVK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/1FY2O</latexit>
x3
<latexit sha1_base64="B8//XIOCdFm90kgaZdQvVumXWJ I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0JMUvHisaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4P HeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0o EQoGEUr3T/1znvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0SRh rWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL5PmWd Vzq97dRaV2ncdRhCM4hlPw4BJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8NhI2e</latexit><latexit sha1_base64="B8//XIOCdFm90kgaZdQvVumXWJ I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0JMUvHisaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4P HeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0o EQoGEUr3T/1znvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0SRh rWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL5PmWd Vzq97dRaV2ncdRhCM4hlPw4BJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8NhI2e</latexit><latexit sha1_base64="B8//XIOCdFm90kgaZdQvVumXWJ I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0JMUvHisaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4P HeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0o EQoGEUr3T/1znvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0SRh rWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL5PmWd Vzq97dRaV2ncdRhCM4hlPw4BJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8NhI2e</latexit><latexit sha1_base64="B8//XIOCdFm90kgaZdQvVumXWJ I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0JMUvHisaD+gDWWz3bRLN5uwOxFL6E/w4kERr/4ib/4bt20O2vpg4P HeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVA44T7kd0o EQoGEUr3T/1znvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0SRh rWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL5PmWd Vzq97dRaV2ncdRhCM4hlPw4BJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8NhI2e</latexit>
↵3
<latexit sha1_base64="FeVire57+cb1/FFeKylM4kAqTB k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0JMUvHisYD+gDWWy3bRLN5t0dyOU0D/hxYMiXv073vw3btsctPXBwO O9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nirIGjUWs2gFqJrhkDcONYO1EMYwCwVrB6G7mt56Y0jyWj2aSMD/Cg eQhp2is1O6iSIbYu+yVK27VnYOsEi8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwaalbqpZgnSEA9axVGLEtJ/N752SM6v 0SRgrW9KQufp7IsNI60kU2M4IzVAvezPxP6+TmvDGz7hMUsMkXSwKU0FMTGbPkz5XjBoxsQSp4vZWQoeokBobUcmG4C2/vE qaF1XPrXoPV5XabR5HEU7gFM7Bg2uowT3UoQEUBDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8AtqWPug==</latexit><latexit sha1_base64="FeVire57+cb1/FFeKylM4kAqTB k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0JMUvHisYD+gDWWy3bRLN5t0dyOU0D/hxYMiXv073vw3btsctPXBwO O9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nirIGjUWs2gFqJrhkDcONYO1EMYwCwVrB6G7mt56Y0jyWj2aSMD/Cg eQhp2is1O6iSIbYu+yVK27VnYOsEi8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwaalbqpZgnSEA9axVGLEtJ/N752SM6v 0SRgrW9KQufp7IsNI60kU2M4IzVAvezPxP6+TmvDGz7hMUsMkXSwKU0FMTGbPkz5XjBoxsQSp4vZWQoeokBobUcmG4C2/vE qaF1XPrXoPV5XabR5HEU7gFM7Bg2uowT3UoQEUBDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8AtqWPug==</latexit><latexit sha1_base64="FeVire57+cb1/FFeKylM4kAqTB k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0JMUvHisYD+gDWWy3bRLN5t0dyOU0D/hxYMiXv073vw3btsctPXBwO O9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nirIGjUWs2gFqJrhkDcONYO1EMYwCwVrB6G7mt56Y0jyWj2aSMD/Cg eQhp2is1O6iSIbYu+yVK27VnYOsEi8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwaalbqpZgnSEA9axVGLEtJ/N752SM6v 0SRgrW9KQufp7IsNI60kU2M4IzVAvezPxP6+TmvDGz7hMUsMkXSwKU0FMTGbPkz5XjBoxsQSp4vZWQoeokBobUcmG4C2/vE qaF1XPrXoPV5XabR5HEU7gFM7Bg2uowT3UoQEUBDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8AtqWPug==</latexit><latexit sha1_base64="FeVire57+cb1/FFeKylM4kAqTB k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0JMUvHisYD+gDWWy3bRLN5t0dyOU0D/hxYMiXv073vw3btsctPXBwO O9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nirIGjUWs2gFqJrhkDcONYO1EMYwCwVrB6G7mt56Y0jyWj2aSMD/Cg eQhp2is1O6iSIbYu+yVK27VnYOsEi8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwaalbqpZgnSEA9axVGLEtJ/N752SM6v 0SRgrW9KQufp7IsNI60kU2M4IzVAvezPxP6+TmvDGz7hMUsMkXSwKU0FMTGbPkz5XjBoxsQSp4vZWQoeokBobUcmG4C2/vE qaF1XPrXoPV5XabR5HEU7gFM7Bg2uowT3UoQEUBDzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8AtqWPug==</latexit>
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↵ihi
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Figure 10: Attention-based classifier
layer (50 units and ReLU activation). For each
task, we train this attention-based classifier on a
large amount of annotations. Table 8 presents the
statistics of the training data and the testing per-
formance of the classifier.
A4 Estimating the Wasserstein distance
We train a critic network to estimate the Wasser-
stein distance between the distribution of the rep-
resentation from the source domain and the one
from the target domain:
Lwd = sup
‖f‖L≤K
Ehinv∼PS
[
f([hinv1 ;h
inv
L ])
]
− Ehinv∼PT
[
f([hinv1 ;h
inv
L ])
]
.
The critic network is parametrized as a MLP with
one hidden layer (100 units and ReLU activa-
tion). Following Gulrajani et al. (2017), we set
the weight of the gradient penalty to 10 and opti-
mize the critic network for 5 iterations during each
batch. Figure 11 plots the loss on the development
set versus the number of training batches. We see
that our R2A model converges smoothly during
training.
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Figure 11: Domain transfer from beer review to ho-
tel review. Overall loss L of R2A on the source
development set during training.
